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ABSTRACT
Zackheim, Karen 0 . ,  M.S., December, 1979 Environmental Studies
The Effects of Airborne Fluorides on Wild Lagomorphs 
Director:  C. C. Gordon
Fluoride emissions from the ERGO elemental phosphorous plant in 
Long Harbour, Newfoundland, and the Stauffer  Chemical Company e le ­
mental phosphorous plant in S i lver  Bow, Montana, are accumulating 
in the bones and teeth of indigenous lagomorphs. These lagomorphs 
are subject to severe bone and tooth damage as a resu lt .
Snowshoe hares (Lepus amevicanus) from Newfoundland, exposed to 
an average of roughly 200 parts per m i l l ion  (ppm) f luor ide  in the 
forage, are accumulating 2,000 to 13,000 ppm f luor ide  in th e i r  bones 
and teeth. The teeth of hares with more than 3,000 ppm f luor ide  in 
the mandibles and 5,000 ppm fluor ide in the incisors were severely 
worn and exhibited obvious histological damage. Mandibles increased 
in thickness, while t ib ias  and femurs increased in cross-sectional  
area in response to increasing levels of bone f luor ide .  In addit ion,  
leg bones showed a decrease in density with increasing bone f luor ide .
Whitetailed jackrabbits (Lepus townsendii) from Montana, exposed to 
forage f luor ide  levels averaging less than 30 ppm, averaged 1,451 ppm 
f luoride in th e i r  mandibles, with two animals exceeding 3,000 ppm. A 
mountain cottonta i l  had more than 5,000 ppm f luor ide  in i ts  bones. 
While no obvious tooth damage was observed in these animals, further  
studies need to be undertaken in order to assess any possible h is to­
logical damage result ing from fluor ide pollut ion in the area.
The ever-growing teeth of lagomorphs accumulate less f luor ide  than 
bones and are less susceptible to damage. Mandibles of snowshoe hares 
exhibited damage with approximately 3,000 ppm f lu o r id e ,  while teeth  
did not show damage unti l  almost 5,000 ppm. Incisors from the Montana 
lagomorphs did not accumulate harmful levels of f lu o r ide ,  whereas in 
a few cases the bones did. Fluoride accumulation in ever-growing 
teeth appears to be related to f luor ide levels in the vegetation.
Teeth are not a r e l ia b le  indicator of f luorosis in animals.
Fluoride standards have generally been established on the basis of  
laboratory studies of c a t t le  damage. This research indicates that  
animals in the f i e l d  are more seriously affected by f luor ide  pollut ion  
than animals under care fu l ly  control led studies. Nutr i t ional  status,  
stress and physical exertion are a l l  important factors contributing  
to the health of animals and to th e i r  suscept ib i l i ty  to f luor ide  
damage. Additional studies are necessary to establish f luor ide  
standards that w i l l  insure the health of wild animals and wild animal 
populations.
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Chapter 1 
INTRODUCTION
While the effects  of controlled ingestion of f luor ide  by domestic 
mammals have been well documented and reviewed (Rose and Marier, 1977; 
Greenwood et  a l . ,  1974; Newell and Schmidt, 1958; National Academy of  
Sciences, 1964), l i t t l e  work has been done on the ef fects  o f  f luor ide  
pollution on te r r e s t r i a l  w i l d l i f e .  Numerous reports suggest that grazing 
l ivestock in the f i e l d  may sustain more damage from f luor ide  than during 
laboratory or controlled studies (Krook and Maylin, 1979; Greenwood 
et a l . ,  1964). Because of the many uncontrolled environmental stresses, 
w i l d l i f e ,  in turn, may be more severely affected than c a t t le  (Kay et a l . ,  
1975b; Rose and Marier, 1977), the species generally considered most 
susceptible to f luorosis (S u t t ie ,  1977) and fo r  which f luor ide  standards 
have been promulgated.
Despite the l imited amount of  research, several studies indicate  
that f luoride accumulation by w i l d l i f e  may be a serious local problem in 
industr ia l areas. S ign i f ica n t ly  increased bone f luor ide  concentrations 
and associated symptoms of f luorosis  have been found in w i l d l i f e  around 
industr ia l f luor ide  sources (Kay et a l . ,  1975b; Karstad, 1967; Fogelsong, 
1974; Newman and Yu, 1976). Whitetai led deer [Odocoileus vivginianus) 
and mule deer [O. hemionus) exhibited severely mottled teeth ,  enlarged 
bones and lameness (Kay et a l . ,  1975b), a l l  documented symptoms of  
f luorosis in c a t t le .  Fluoride may be concentrated in the food chain,
1
2
with carnivorous and insectivorous mammals having the highest bone 
fluor ide levels (Kay et a l . ,  1975a). Miles (in preparation) shows two 
to three times as much f luor ide  in the bones of insectivorous shrews as 
compared to herbivorous voles collected in the same areas. Although 
fu rther  documentation is needed, these studies indicate that s ig n i f ican t  
biomagnification of f luor ide occurs in natural environments.
The reports of fluoride-induced physiological damage to w i l d l i f e  
and the indications of biomagnification strongly point out the need fo r  
more information on the impacts of industr ia l  f luor ide  pollut ion on 
w i ld l i f e .  In addit ion, as the nation increases i ts  reliance on coal fo r  
power generation, the attendant increase in f luor ide  pollut ion w i l l  
undoubtedly impact w i l d l i f e ,  especial ly  in the r e la t iv e ly  p r is t ine  areas 
of the Western Great Plains. In 1972 the Environmental Protection Agency 
projected an increase in f luor ide  emissions from the aluminum smelting 
industry of more than seven times the 1972 emissions by the year 2000. 
These developments w i l l  heighten the importance of f i e ld  research on 
w i ld l i f e  so the impacts of f luor ide  can be detected and corrective  
actions taken.
This paper reports on two years of f i e l d  and laboratory studies,  
primari ly on two species of wild lagomorphs, from two areas impacted by 
f luor ide pollut ion from the E lec tr ica l  Reduction Company of Canada (ERCO) 
and the Stauffer  Chemical Company phosphorous manufacturing plants. Pre­
vious studies of the ERCO plant in Long Harbour, Newfoundland (Sidhu and 
Roberts, 1976; Sidhu, 1977; Canadian Public Health Association, 1978b) 
and of the S tauffer  p lant .  S i lve r  Bow, Montana (van Hook, 1974; Carlson, 
1973; Miles et  a l . ,  1978) have documented the ex ist ing f lu or ide  in
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vegetation from the industr ia l  pollut ion in these areas. Local public 
concern fo r  l ivestock and w i l d l i f e  in these areas prompted these i n i t i a l  
studies and the work reported here.
This paper assesses the degree o f  f lu o ro t ic  damage in w i l d l i f e  
from these two areas and relates th is to avai lable data on f luor ide  
concentrations in vegetation and a i r  monitoring. Discussion also focuses 
on the effectiveness of ambient a i r  and vegetation standards established 
for the protection of  l ivestock and w i l d l i f e .  A comparison of l ivestock  
and w i l d l i f e  data is made to determine i f  w i l d l i f e  is more susceptible
to fluorosis and i ts  d e b i l i ta t in g  ef fects  than l ivestock,  as is currently
hypothesized (Kay et  a l . ,  1975b; Rose and Marier, 1977). Research
conclusions indicate that wild animals accumulate harmful levels  of
f luoride when exposed to only s l ig h t ly  elevated forage f luor ide  concen­
t ra t ions ,  and that wild animals are more susceptible to i ts  damaging 
effects  than domestic l ivestock.
Chapter 2 
LITERATURE REVIEW
Introduction
Fluoride is na tura l ly  found in trace amounts in the tissues of  
a l l  animals (Hodge and Smith, 1977). The most common route of f luor ide  
intake fo r  animals is through ingestion of food or water containing 
naturally-occurring f luor ide or contaminated with industr ia l  f luor ide  
(NAS, 1974).
The f luor ide ion (F") is rapid ly absorbed from the in test ine  
into the bloodstream and transported to the bones and teeth fo r  depo­
s i t ion .  Fluoride may also be excreted in the urine (Greenwood et a l . ,  
1964). While the s o lu b i l i ty  of f luor ide  affects i ts  overall retent ion,  
i t  is estimated that approximately 80 to 100 percent of the f luor ide  
ingested is deposited as fluorhydroxylapati te  in the bones and teeth  
( I l l i n o i s  In s t i tu te  fo r  Environmental Quali ty ,  1973). As long as an 
animal continues to ingest f lu o r ide ,  the f luor ide  w i l l  accumulate in the 
bones (NAS, 1974). This process may be p a r t i a l l y  reversible  i f  ingestion 
ceases, but conf l ic t ing  results in human studies have been reported 
(Rose and Marier,  1977).
Mammals from uncontaminated environments generally have less 
than 500 parts per m il l ion (ppm) f luor ide  in th e i r  bones. Average 
f luor ide  levels in bones of 16 species from uncontaminated ecosystems in 
Montana did not exceed 589 ppm (Kay et a l ,  1975a). Only six of the
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species exceeded 300 ppm average and a l l  of these were carnivorous.
Forage values of 4 to 5 ppm f luor ide  were concentrated 20 to 50 times in 
bones of herbivores, and carnivores appeared to accumulate more bone 
f luor ide  than herbivores. Ungulates, including white ta i led  deer, mule 
deer and bighorn sheep {Ovis canadensis) averaged less than 500 ppm 
f luoride in th e i r  mandibles (Kay et a l . ,  1976). Analysis of cow bones 
from Sunburst, Montana, an uncontaminated environment, showed that the 
metatarsal shafts ranged from 50 ppm in a 2-year-old cow to 236 ppm in a 
4.5-year-old (Appendix A). Ten forage samples from the Sunburst area 
averaged 2.1 ppm f luor ide .
Chronic fluorosis or f luor ide poisoning results when animals 
ingest excessive amounts of f luor ide .  The rate and extent of  damage are 
d i re c t ly  related to the f luor ide concentration in the d ie t  and to the 
duration of exposure (Shupe, 1969; S u tt ie ,  1977). Symptoms of fluorosis  
in c a t t le  have been described (NAS, 1974) and include:
1. Discoloration or mottling and abrasion of teeth when f luor ide  
is consumed during tooth formation.
2. Histological bone lesions described as exostosis, osteosclerosis,  
hyperostosis, osteoporosis and osteomalacia. Exostotic lesions 
may be palpable.
3. In termit tent  lameness and s t i f fness .
4. Abnormally high bone f luor ide  concentrations.
Krook and Maylin (1979) suggest that f luor ide  exposure in utero 
and during the f i r s t  f ive  years of l i f e  may be the most c r i t i c a l  fo r  
determining the extent of fluoride-induced damage. Poor nu tr i t io na l  
status and physical exertion also reduce tolerance to f luor ide  pollut ion
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(Shupe, 1970). Alternating periods of ingesting forage with high and low 
f luor ide concentrations may be more harmful than ingestion of forage with 
a constant concentration of f luor ide  (Sutt ie  et  a l . ,  1972). Shupe (1978) 
notes that the varying concentrations may more closely approximate f i e l d  
conditions, under which livestock and w i l d l i f e  seasonally feed on d i f f e r ­
ent kinds of vegetation, with d i f fe re n t  f luor ide  concentrations.
While bones may be affected by f luor ide  throughout an animal's 
l i f e ,  teeth are only affected during th e i r  development and growth (NAS, 
1974). Because the degree of tooth damage is often used as the main 
c r i t e r i a  fo r  determining f luoros is ,  a set of c r i t e r i a  for  evaluating the 
extent of  damage was prepared (NAS, 1974). Teeth are rated on a scale of  
zero to f i v e ,  with zero corresponding to no ef fects  and increasing to 
severe fluorosis  with a rank of f i v e . *
Available research findings substantiate the view that w i l d l i f e  
is subject to symptoms s im i la r  to those in ca t t le  (Newman and Yu, 1976). 
Elevated bone f luor ide leve ls ,  mottled and badly worn teeth ,  exostotic  
bone lesions and in termit tent  lameness have a l l  been reported in wild 
ungulates (Kay et a l . ,  1975b; Karstad, 1967; Newman and Yu, 1976).
Field Studies
L i t t l e  information is avai lable on the physiological e f fects  of 
elevated forage f luor ide  levels on indigenous w i l d l i f e ,  although several 
f i e ld  studies document the relat ionship  between excessive forage f luor ide  
and elevated bone f luor ide  concentrations (Gordon, 1967, 1969, 1970;
*The c lass i f ica t ions  l is te d  in the National Academy of Sciences 
publication on animal f luorosis (NAS, 1974) are presented in Table 1.
Table 1
Tooth Classif icat ions for  Fluoride Damage in Catt le
(0) Normal--smooth, translucent,  glossy white appearance of enamel; 
tooth having normal shape.
(1) Questionable E f fe c t - -s l ig h t  deviation from normal, exact cause not 
determinable; may have enamel flecks but is not mottled.
(2) S l ight E f fe c t - - s l ig h t  mottling of enamel, best observed as horizontal 
str ia t ions  with transmitted l ig h t ;  may have s l ight  sta in ing,  but no 
increase in normal rate of wear.
(3) Moderate E f fe c t - - d e f i n i te mott ling; large areas of chalky enamel or  
generalized mottling of en t ire  tooth; tooth may have a s l ig h t ly  
increased rate of wear and may be stained.
(4) Marked E f fe c t - - d e f i n i te mott ling, hypoplasia, and hypocalc if icat ion;  
may have p i t t in g  of enamel; with use, tooth w i l l  have increased rate  
of wear and may be stained.
(5) Severe E f fe c t - -d e f in i te  mott l ing,  hypoplasia, and hypocalc if icat ion;  
with use, tooth w i l l  have excessive increase in rate of wear and may 
have erosion or p i t t in g  of enamel; tooth may be stained or discolored
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Gordon et  a l . ,  1978b; Kayet a l . ,  1975b; Harr is ,  1974). Various rodents,  
lagomorphs and ungulates from f luor ide -po l lu ted  environments have been 
found to accumulate 10 to 40 times higher bone f luor ide  levels than 
animals from uncontaminated environments (Harr is ,  1974). Among the 
highest bone f luor ide levels reported in w i l d l i f e  was a chipmunk femur 
with 9,863 ppm f luor ide .  Grass collected from the same sampling zone 
impacted by f luor ide pollut ion in Glacier  National Park averaged 14.7 ppm, 
with a range of 4.5 ppm to 64.0 ppm. Gordon (1970) also reported levels  
of 12,700 ppm fluor ide (ash weight*) in the femur of a house mouse 
(Mus musculus) and 16,000 ppm (ash weight) in a domestic rabbit  femur.
Three f i e ld  studies of industr ia l f luorosis in wild deer (Karstad, 1967;
Kay et a l . ,  1975b; Newman and Yu, 1976) have found symptoms of severe 
f luorosis.  Dental mott ling, excessive tooth wear and mandibular hyper­
ostosis or thickening were observed in mule and white ta i led  deer with 
2,200 to 3,000 ppm fluor ide in the mandible (Karstad, 1967; Kay et a l . ,  
1975b). Newman and Yu (1976) report mild fluorosis  in a s ix -year-o ld  
blacktai led deer with 1,504 ppm fluor ide and severe f luorosis  in a one- 
and-a-half -year-o ld female blacktai led deer with 2,500 ppm f luor ide .
Levels as high as 9,765 ppm and 7,125 ppm were reported in wh ite ta i led  
deer (Kay et a l . ,  1975b; Karstad, 1967). Lameness was observed in 
Teakett le Mountain w hite ta i led  deer by Kay et a l .  (1975b) but not by 
Karstad (1967) in his studies in Canada. Deer f luor ide  concentrations 
increase with age and degree of exposure (Kay et a l . ,  1975b; Karstad, 1967)
*A11 bone f luor ide  values are reported as dry,  f a t - f r e e  weight 
unless otherwise noted. Bones contain 50 to 70 percent ash, providing a 
rough conversion of ppm ash to ppm dry, f a t - f r e e  by mult iply ing ppm ash 
by 0.6.
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Fogelsong (1974) reports elevated bone f luor ide  levels in deer 
mice {Peromyscus maniculatus)  from f luor ide  polluted areas of  Glacier  
National Park. He found no associated tooth damage or reproductive 
impairment. F e r t i l i t y  in mice remained normal. In the f luor ide  contam­
inated mice, pregnant or lac tat ing adult females accumulated s ig n i f ic a n t ly  
more f luor ide  than adult males. Fogelsong suggested the normal skeletal  
changes associated with pregnancy might account fo r  th is  greater f luor ide  
accumulation in females.
Gordon et a l .  (1978a)reported seasonal fluctuations in deer mice 
femur f luor ide concentrations. Older animals, 8 to 14 months of age, 
have substant ia l ly  greater f luoride accumulations in th e i r  bones than 
juveniles or young adults. Thus, as juveniles are recruited into the 
adult population, the average bone f luor ide concentrations decrease.
Due to the short l ifespan of deer mice, juveniles la rgely  outnumber the 
older adults except pr ior  to the onset of the breeding season in spring,  
when the highest average femur f luor ide levels were reported (Appendix B).
Laboratory Studies
Numerous laboratory studies on the effects  of f luor ide  on small 
mammals have been reported. Newman and Markey (1976) f i e ld  trapped deer 
mice {Peromyscus maniculatus)  in a f lu o r id e - f re e  area and subjected them 
to various levels of  sodium f luor ide  (NaF) treatment for  eight weeks.
The control group d iet  contained a level of  38 ppm f luor ide .  All other  
groups received more than 1,000 ppm f luor ide  in th e i r  d iets.  The experi­
mental mice in the l a t t e r  group were reported to have: (1) a loss of
weight, (2) increased m orta l i ty ,  (3) a s ign i f ican t  increase in femur 
shaft diameter, and (4) a reversal of the normal lower to upper incisor
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length r a t i o ,  with enamel banding on the overgrown incisors but no change 
in the molars. There was, however, no evidence of exostosis on skulls or 
femurs. Femurs of the experimental group had between 3,300 and 4,500 ppm 
f lu o r ide ,  while the control group averaged 498 ppm.
In conjunction with his studies of  deer mice in Glacier National 
Park, Fogelsong (1974) performed some laboratory experiments on mice 
captured in the f i e ld .  Experimental mice with 200 ppm f luor ide  in th e i r  
drinking water had an average of 7,817 ppm fluor ide in th e i r  femurs and 
exhibited dental f luorosis (chalky-white incisors with dull gray or brown 
spots). In addit ion, the incisors were somewhat larger than those of the 
control group. A th ird  group of mice given 600 ppm f luor ide  in th e i r  
water showed more severe dental f luoros is ,  including abnormal growth and 
wear of the teeth. These mice averaged 9,164 ppm fluor ide in th e i r  
femurs compared to the control group with 1,262 ppm.
Two juveniles born to a mother with 7,177 ppm f luor ide  in the 
femur were sacrif iced pr ior  to weaning and analyzed fo r  femur f luor ide  
concentration. These young mice had 3,071 ppm and 5,333 ppm f luor ide  in 
th e ir  femurs, supporting the conclusions of Maplesden et a l .  (1960) and 
others that placental t ransfer  of f luor ide  occurs in mammals consuming 
excessive levels of f luor ide .  Maplesden et a l .  (1960) concluded that  
rabbits exhibited greater placental t ransfer  than rats,
Briggs and P h i l l ips  (1952) reported that f luor ide  toxicosis  
develops in rabbits fed 210 ppm f luor ide  in th e i r  d ie t  fo r  four months. 
Symptoms included retarded growth, s t i f fness of the jo in ts  and changes in 
the teeth and bone structure. These rabbits had an average of 4,834 ppm 
f luor ide  in the t i b i a  and femur, while the control group, with 8 ppm
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f luoride in th e i r  d ie t ,  had 275 ppm in these bones. Five-hundred ppm 
sodium f luor ide  in the drinking water of rabbits fo r  up to 21 weeks 
produced a thickening of the mandible, pr imari ly  on the buccal side,  as 
well as increased thickness in long bones (Weatherell and Weidmann, 1959).
Chapter 3
RESEARCH DESIGN AND BACKGROUND
History and Objectives
During the la te  summer of 1976, the opportunity arose to study 
the effects of f luor ide pollut ion on the bones of wild snowshoe hares 
{Lepus amerioanus) from Long Harbour, Newfoundland. The bones of 56 
hares, collected by the Division of W i ld l i f e ,  Newfoundland Department 
of Tourism, were sent to the Environmental Studies Laboratory (EVST Lab) 
at the University of Montana for  f luor ide  analysis. In conjunction with 
preparing the bones for  chemical analyses, I in i t ia t e d  a study of 
f luoride damage in the bones. I measured the lengths and weights of  
mandibles, t ib ias  and femurs in order to evaluate any changes that might 
have resulted due to f luor ide  accumulation. In addit ion, I made gross 
observations on the condition of the bones and teeth including the 
presence of exostotic lesions, chalky-white bone tissue and excessively-  
worn teeth. Mandibles of a l l  hares and a selection of bone samples from 
f ive  hares were saved for  histo logical preparation. A complete set of 
bones from four hares was selected fo r  radiographic analysis. A f te r  the 
f luoride analyses were done, I measured the diameters of t i b i a  and femur 
shafts because i t  has been reported in the l i t e r a tu r e  (Newman and Markey, 
1976) that the diameter of these bones increases in laboratory animals 
ingesting high levels of f luor ide .  In addit ion,  I measured the width of  
the mandibles because mandibles exhibited the most severe f lu o ro t ic
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lesions. When correlated with bone f luor ide  concentrations, these 
measurements should provide some information on the ef fects  of f luor ide  
pollut ion on wild animals.
In cooperation with th is  e f f o r t ,  ranchers in the v i c i n i t y  of the 
Stauffer  Chemical Company phosphate plant, S i lve r  Bow, Montana, were 
asked to co l lec t  lagomorphs (rabbits and hares) from th e i r  ranches. A 
total  of 16 animals were provided in December, 1976. I considered these 
animals to have been exposed to substant ia l ly  less f luor ide  pollut ion  
than the Newfoundland snowshoe hares. Therefore they might provide some 
additional information about f luor ide  tolerance levels in lagomorphs.
Since i t  has already been established that wi ld ungulates (deer 
and e lk )  are susceptible to the damaging ef fects  of f luor ide  po l lu t ion ,  
th is paper wi l l  attempt to determine i f  other w i l d l i f e  species, in p a r t i ­
cular members of the order Lagomorpha, are also subject to symptoms of 
f luorosis . Observations of bone and tooth damage wi l l  be evaluated and 
documented in re lat ion to bone f luor ide levels in order to delineate  
specif ic  effects of bone f luor ide  levels in wild animals. This kind of  
information is presently unavailable in the l i t e r a t u r e  but is needed to 
assess the impacts of f luor ide  pollut ion on the health of wild animals 
and wild animal populations. Existing a t t i tudes ,  prevalent in the l i t e r ­
ature and among pollut ion control agencies, have ignored the problem of 
w i ld l i f e  toxicosis in in d u s t r ia l ly  polluted areas. Such indifference  
toward w i l d l i f e  is u n ju s t i f ia b le  unti l  appropriate studies can document 
e i ther  the presence or absence of damage.
The purpose of this study is to determine the e f fec t  of indus­
t r i a l  f luor ide  pollut ion on snowshoe hares from Long Harbour,
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Newfoundland, and jackrabbits and cottonta i ls  from S i lve r  Bow, Montana. 
The following issues of  pa r t icu la r  concern w i l l  be addressed:
1. Fluoride d istr ibu t ion  in teeth ,  individual bones and parts of 
bones of snowshoe hares and whiteta i led  jackrabbits.
2. Symptoms of f luor ide  toxicosis in snowshoe hares associated 
with various levels of f luor ide  accumulation in the bones and 
teeth. Spec i f ica l ly  th is  includes histo logical analysis and 
direct  observations of bone and tooth damage.
3. The relat ionship of bone f luor ide  accumulation to bone length,  
weight, cross-sectional area, width and density.
4. The relat ionship of bone f luor ide accumulation to age.
5. The association between forage f luor ide  levels and damage in 
lagomorphs, and the adequacy of existing forage f luor ide  
standards fo r  the protection of wild animals.
6. A comparison of l ivestock fluorosis  with w i l d l i f e  fluorosis  to 
determine i f  wi l d l i f e  are more susceptible to f luor ide  pollut ion  
than livestock.
7. The relat ionship of laboratory studies of animal fluorosis to 
f i e ld  studies of w i l d l i f e  in in dus tr ia l ly -po l lu ted  areas to 
assess the value of laboratory studies in evaluating the poten­
t i a l  damage to w i l d l i f e  from f luor ide  pollut ion.
Sources of Fluoride Pollution
Industr ia l  sources of f luor ide  pollut ion are numerous and wide­
spread. In the United States, steel production, coal combustion fo r  
power, phosphate rock processing and primary aluminum reduction are the 
four largest sources of f luor ide  a i r  po l lu t ion ,  producing 128,700 tons
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of f luor ide  per year In 1970 (EPA, 1972). At least 70 percent of th is  
to ta l  was released as gaseous hydrogen f lu o r id e ,  while the remainder was 
released as soluble and insoluble part icu la te  emissions. These four  
industries accounted for  almost two-thirds of the soluble industr ia l  
fluoride emissions in the United States.
The ERCO Industries Limited plant in Long Harbour, Newfoundland, 
and the Stauffer  Chemical Company plant in S i lver  Bow, Montana, are 
elemental phosphorous extraction industries responsible for  f luor ide  
pollut ion in th e i r  areas. Both companies employ the e le c t r ic a l  reduction 
furnace method whereby raw rock phosphate is converted to elemental 
phosphorous by reduction in an e le c t r o ly t ic  furnace. A description of  
the extraction process is provided in Appendix C.
While approximately 89 percent of the emissions from phosphate 
processing are gaseous (Sauchell i ,  1962), part icu la te  emissions are also 
a source of f luor ide pollut ion.  Since animals consume unwashed vege­
ta t ion ,  both forms of f luor ide  are accumulated and may result  in in jury .  
Gaseous f luor ide concentrates in te rn a l ly  in plant tissues and is not 
readily  leached by p rec ip i ta t io n ,  whereas part icu la te  f luor ide  sett les  
on the vegetation surfaces and may be blown o f f  by wind or washed o f f  by 
rain. In addit ion, the part icu la te  accumualtes on the soil surfaces and 
may be blown onto vegetation or may be consumed by low grazing animals.
Chapter 4 
THE STUDY AREAS
Long Harbour, Newfoundland
Physical charac ter is t ics . The E lectr ica l  Reduction Company of Canada 
(ERCO) plant is located on the shore of a narrow boy which runs southwest 
to northeast and opens onto Placentia Bay (Figure 1). A steep ridge,  
r is ing to over 100 meters to the east of ERCO, forms one wall of a steep­
sided va l ley extending northeast for  10 kilometers to the Trans Canada 
Highway. Highway 202 runs along th is va l ley  f lo or .  Balsam f i r  and wild 
raspberry are the predominant vegetation species in the va l ley .
Due to the proximity of Placentia Bay and the shape of the Long 
Harbour va l ley ,  summer inversions frequently trap f luor ide emissions in 
the va l ley .  In addit ion,  wind monitoring data for  the area show that  
the prevailing winds during July and August are south to southwest 
approximately 65 percent of the time. Thus ERCO emissions are often 
distr ibuted throughout Long Harbour va l ley  to the northeast.
Temperatures in the area are mild. Summer daytime temperatures 
average around 70 degrees Fahrenheit, with nighttime averages in the low 
5 0 's. Winter temperatures rare ly  f a l l  below freezing during the day but 
drop to 18 to 20 degrees Fahrenheit at  night. Rainfa ll  averages 50 inches 
per year in Newfoundland, with snowfall representing 20 percent of the 
t o t a l .
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Figure 1. Map of Newfoundland snowshoe hare study area.
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History . In 1968 ERCO began manufacturing phosphorous in the Long 
Harbour area, Newfoundland, Canada, a community of about 700 persons 
(see Figure 1). Consequently, the surrounding biological environment 
began to deter iorate .  Thousands of f ish  died from toxic e f f luents  
dumped d i re c t ly  into Placentia Bay. ERCO la t e r  insta l led  s e t t l in g  ponds 
and a rec ircu lat ion system for  plant water to help a l le v ia te  the problem. 
By 1971 an area of dead trees was present downwind from ERCO for  roughly 
13 kilometers (Sidhu, 1976; Sidhu and Roberts, 1977). This condition is 
s t i l l  evident today.
In 1977, the W i ld l i fe  Division of the Newfoundland Department of  
Tourism reported a moose [Aloes aloes) and several snowshoe hares (Lepus 
amerioanus) with severely enlarged and misshapen jaws. Levels of  
fluoride exceeding 9,000 ppm were found in the bones of the affected  
hares. Residents of the Long Harbour area expressed concern over th is  
problem.
As a resu l t ,  the Newfoundland Department of Health requested 
that the Canadian Public Health Association (CPHA) conduct an environ­
mental study of the area to assess any potential human health problem.
A task force was selected to d i rec t  the study and in July, 1978, a f in a l  
report on the f luor ide  problem in Long Harbour was released. The report  
concluded that because no human health problem was found, there was no 
need to implement an emissions reduction program (CPHA, 1978b). Con­
cerning the diseased w i l d l i f e  in the area, the report concludes:
The ef fects  on the w i l d l i f e  are unquestionably related to 
the consumption of f luor ide contaminated vegetation. . . .
While th is  is regrettable from an ecological standpoint, i t  
does not represent a hazard to human health. , . . Moreover, 
i f  f luor ide  emissions from ERCO continue to diminish, an 
improvement in the w i l d l i f e  s ituat ion can be antic ipated.
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However, the CPHA report recommended washing vegetables and f r u i t s ,  
especia lly wild raspberries, before human consumption to reduce f luor ide  
intake.
As a part of th is  invest igat ion,  bones from 56 snowshoe hares 
collected near the ERCO s ite  were sent fo r  f luor ide  analysis to the 
EVST Lab at the University of Montana by the W i ld l i fe  Division,  
Newfoundland Department of Tourism, in August, 1977.*
S i lver  Bow, Montana
Physical charac ter is t ics . The Stauffer  Chemical plant at S i lve r  Bow, 
Montana, is located at the northern junction of a north-south and an 
east-west val ley in the Rocky Mountains, seven miles west of Butte. The 
mountains around the valley r ise  to 8,000 feet above sea leve l .  I n t e r ­
state 90 runs east-west along the va l ley f lo o r ,  as shown in Figure 2.
The p ra i r ie  basin consists of gently ro l l in g  h i l l s  u t i l i z e d  fo r  l ivestock  
grazing and agriculture.
Inversions are f a i r l y  common in th is  va l ley ,  occurring 30 to 50 
percent of the time throughout the year. As a re s u l t ,  f luor ide  emissions 
may be trapped in the va l ley for  extended periods of time. Valley winds 
tend to blow the emissions along the va l ley f loors.  Summer temperatures 
occasionally reach 90 degrees Fahrenheit, with July and August being the 
hottest months. Freezing temperatures may be experienced as early  as
*Despite completion of the i n i t i a l  investigation into the f luor ide  
problem, the results of th is  work have not been public ly  reported by the 
Newfoundland W i ld l i fe  Division. According to an o f f i c i a l  of th is  depart­
ment, the depressed economy in Newfoundland and the dependence of the Long 
Harbour community on ERCO for  jobs make i t  d i f f i c u l t  to pursue the w i l d l i f e  
problem, since any adverse findings might threaten the ERCO plant with 
closure.
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Figure 2. Map of S i lve r  Bow, Montana, study area for  w hite ta i led  jackrabbits and mountain cottonta i l POo
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September and as la te  as May. The yearly  average prec ip ita t ion  is 12.67 
inches, with two-thirds occurring during the April-September growing 
season.
Hi s tory . Stauffer  Chemical Company has operated an elemental phos­
phorous processing plant in S i lve r  Bow, Montana, since 1956 (Figure 2) .  
Fluoride emissions from th is f a c i l i t y  have been damaging plants and 
animals fo r  more than twenty years (Carlson, 1973; Miles et a l . ,  1978), 
but only since enactment of the Montana Clean A ir  Act in 1967 has any 
action been taken by the state to prevent fu rther  f luor ide  contamination. 
Even then, action was taken only a f te r  substantial prodding from area 
residents who were unhappy about the continuing pollut ion .  The Montana 
State Board of Health and Environmental Sciences responded to public 
appeals with six consecutive variances, allowing Stauffer  Chemical 
Company to operate in v io la t ion  of both the state f luor ide  standards and 
the state and federal part icu la te  standards. In March, 1976, Stauffer  
was placed on a two-year compliance order to reduce emissions by March, 
1978. Vegetation monitoring by personnel from the EVST Lab in October 
of 1978 and 1979 (Miles et a l . ,  1978; Stef fe l  and Losher, 1979) concluded 
that there was no improvement in f luor ide emissions from the phosphorous 
plant because f luor ide  levels did not decrease in the vegetation.
Ranching operations have been p a r t ic u la r ly  affected by the 
f luoride emissions from Stauffer.  One rancher a t tr ibuted  his in a b i l i t y  
to successfully raise healthy sheep and horses to the f luor ide  pollut ion  
(EVST Lab, 1976). A dairy farmer in the area has been unable to raise  
heifers on the ranch or maintain viable breeding stock due to fluorosis  
(Spangler, 1978, personal communication). Several area ranchers have
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been p a r t i a l l y  compensated fo r  th e i r  losses in out-of-court  settlements 
with Stauffer  Chemical Company.
Chapter 5 
MATERIALS AND METHODS
Field Collections
F i f ty - s ix  hares were collected from seven fluoride-impacted areas 
and one control s i te  during A p r i l ,  May and June, 1977, by the W i ld l i fe  
Division of the Newfoundland Department of Tourism. Body weight, to ta l  
body length, hind foot length, sex, date of capture and specimen number 
were recorded (Appendix D). No age determination was made and pregnancy 
in females was not reported. Hind leg bones and mandibles were removed, 
cleaned and sent to the Environmental Studies Laboratory in August, 1977, 
for  f luor ide  analysis. No vegetation collections or a i r  monitoring were 
done in conjunction with the trapping of the hares.
Ranchers l iv ing  near the Stauffer  Chemical Company plant in 
Silver  Bow collected w i l d l i f e  for  the EVST Lab during 1976 and 1977.
One ranch six miles north-northwest of the phosphate plant provided 15 
whiteta i led jackrabbits. A single mountain cottonta i l  came from a ranch 
f ive  miles northwest, and a mule deer and an elk were shot in the nearby 
fo o th i l ls  northwest of the plant.
Laboratory Procedures
Leg bones and mandibles from the jackrabbits and cottonta i l  from 
Stauffer were removed at the EVST Lab a f te r  body measurements were taken. 
Due to the badly mutilated condition of the jackrabbits ,  body weight was 
not recorded. Body length, hind foot length, ear length and sex were
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reported fo r  a l l  animals (Appendix E). Because the animals were 
collected in November, none of the females was pregnant.
A fter  removing adherent f lesh ,  the bones were steamed unti l  a l l  
the soft tissue was removed. This process denatured the bone protein 
and precluded la te r  histological preparation fo r  most of the bones.
This step was unnecessary fo r  the snowshoe hare bones from 
Newfoundland since they had been cleaned in Newfoundland. Mule deer and 
elk bones were, however, treated in th is  same manner.
The length, weight and width or diameter of each unbroken 
mandible, femur and t ib ia  wens measured and are reported fo r  the snowshoe 
hares in Appendix F. Mandible width was measured with Fowler calipers  
between the second and th ird  molars. Tibia  shaft diameter was measured 
4 cm from the d istal  end and femur shaft diameter 5 cm from the d istal  
end. Two measurements of diameter were made, and the average was used 
in calculating the cross-sectional area using the formula Trr .̂ Based on 
these measurements, an estimate of density was made using the calculat ion:  
density = weight/(length X cross-sectional area).
Half of  the mandible of each lagomorph was sent to Matson's 
Audiovisual and Microscopic in Mi l l  town, Montana, for  histological prepa­
ration so that assessment of  tooth damage and age of the animals, based 
on annual layers in the mandibular bone a f te r  the method of Ohtaishi 
et a l .  (1976), could be made. A complete set of hind leg bones including 
femur, t ib i a - f i b u l a  and metatarsus from f iv e  hares exhibit ing varying 
degrees of f luorosis  were also h is to log ica l ly  prepared.
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Bone Preparation
Bones were prepared fo r  chemical analysis by boil ing in a one 
percent Alconox* solution for  1 to 2 hours. All adherent flesh was 
removed, and the bones were rinsed and dried overnight in a forced a i r  
dryer at  90 to 100 degrees Fahrenheit. The bones were then boiled in 
3 to 7 changes of 30 to 60 degrees petroleum ether unt i l  defatted. They 
were dried overnight again and then ground in a Wiley m il l  to pass a 
20 mesh screen. All bone samples were stored in p last ic  v ia ls .  For 
fluoride analysis,  0.05 gm of dried, ground bone was placed in a nickel 
crucible. The crucibles were covered and placed in a muffle furnace and 
ashed at 600 degrees Centigrade overnight. Upon cooling, 1 to 2 ml of 
20 percent hydrochloric acid was added to the crucibles to dissolve the 
bone. Each sample was then made to 100 ml with 50 percent TISAB** in a 
volumetric flask.
Fluoride Analysis
Fluoride content was measured with an Orion Fluoride Specific ion 
electrode (Singer and Armstrong, 1968). The electrodes were calibrated  
dai ly  with a set of standard f luor ide  solutions made with sodium f luor ide  
Standards bracketed the high and low range of the unknown samples. 
Fluoride content was measured in m i l l i v o l t s ,  which was then translated  
into ppm by a computerized program. All bone f luor ide concentrations 
reported here are on a dry,  f a t - f r e e  weight basis unless otherwise noted.
*Alconox is a biodegradable detergent used for cleaning labora­
tory glassware. I t  is a product of Alconox, In c . ,  New York, NY 10003.
**TISAB is a buffering solution made by Orion Research In c . ,
11 Blackstone S treet ,  Cambridge, MA 02139.
Chapter 6 
RESULTS
Newfoundland Snowshoe Hares {Lepus amevioanus)
Gross symptoms of f lu o ro s is . Selected photographs indicat ive of  
severe fluorosis  in the sample snowshoe hares are presented here.
Plates (1 through 5) are included fo r  i l l u s t r a t i v e  purposes; they show 
that the mandibles and teeth exhib it  the most severe damage. Plate lA 
compares a hare with 5,840 ppm fluor ide in the mandible to a control 
animal with 157 ppm f luor ide .  The upper mandible in Plate IB has 10,194 
ppm f luoride and shows a d i f fe ren t  manifestation of damage than that of  
lA. Plate 2A is an underside view of the e f fec t  in the mandible of an 
animal with 3,858 ppm fluor ide compared to the control animal. At th is  
level of mandibular f luor ide  accumulation, substantial deformation is 
apparent. Plates 2B through 4B show the e f fe c t  of f luor ide  on the teeth 
of snowshoe hares. In Plate 2B, the incisors of a hare with 7,460 ppm 
fluoride in the incisors show d u l l ,  uneven wear with abnormal growth, as 
indicated by the deep grooves on the sides of the teeth. By comparison, 
the control had 86 ppm f luor ide  in the incisors,and these have sharp 
edges and a glossy appearance. Plates 3A and 3B compare close-up views 
of the incisors of an animal with 8,929 ppm f luor ide  in the incisors and 
a control animal with 60 ppm. Note the mottled appearance of the incisor  
in Plate 3A. Severe abnormal molar wear occurred in many of the hares
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Plate 1
A. Newfoundland snowshoe hare #T2-2 (top) with 5,840 ppm f luor ide  shows 
bone damage result ing from f luor ide .  Control hare #T7-3 (below) has 
157 ppm f luor ide  in the mandible. Approximately 1.5X magnification.
B. Hare #T2-3 with 10,194 ppm f luor ide  also exhib its severe mandibular 
deformation. Approximately 1.5X magnification.
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Plate 1
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Plate 2
A. Ventral view of mandibles showing abnormal growth in hare #Tl-3 (top) 
with 3,858 ppm f luor ide  compared to control hare #T7-3 (bottom). 
Approximately 3.5X magnification.
B. Dorsal view of the incisors of Newfoundland snowshoe hare #T2-3 ( l e f t )  
with 10,194 ppm f luor ide  and control hare #T7-3. Note the rough and 
uneven surfaces of the f lu oro t ic  incisors.  Approximately 4X magnifi ­
cation.
%
Pla te  2
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Plate 3
A. Lateral view of the incisor of Newfoundland snowshoe hare #T3-6 with 
8,929 ppm f luor ide .  Note the excessive wear as compared to control 
hare #T7-2 in B. The mandible of #T3-6 was broken in preparation or 
t ra n s i t .  Approximately 6X magnification.
B. Control snowshoe hare #77-2. Approximately 6X magnification.
Plate  3
33
Plate 4
A. Control snowshoe hare #T7-3 showing normal condition of molars. 
Approximately 6X magnification,
B. Severe and abnormal wear of molars in hare #T3-6 with 8,929 ppm 
f luor ide  in the incisors. The f i f t h  molar is ju s t  erupting through 
the bone. Approximately 6X magnification.
Plate 4
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but is p a r t ic u la r ly  evident in the young hare in Plate 4B with 8,929 ppm 
f luor ide in the inc isor,  compared to the control in 4A.
The hare t ib ia  shown in Plate 5A is the best example of a grossly 
deformed leg bone. This bone appears to have been broken and healed 
improperly. The increased metabolic a c t iv i t y  of broken bone during the 
healing process may account for  the unusually excessive e f fe c t  of fluoride  
on this t ib ia .  I t  had 11,710 ppm fluor ide while the control had 196 ppm. 
The femur from the same animal is shown in Plate SB. With 12,503 ppm 
f luor ide ,  th is  bone (top 5B) shows almost no external signs of f luoros is ,  
yet the t ib ia  is barely recognizable. The mandible from th is hare was 
not avai lable.
Fluoride d is tr ibut ion  in bones. To economize on the number of  
f luoride samples to be analyzed and to determine f luor ide  d is tr ibu t ion  
within the bones of snowshoe hares, the bones of two hares were divided 
into 13 samples for  analysis. Animals #Tl-3 and #T3-13 were selected for  
th is experiment because they exhibited d i f fe re n t  degrees of f luorosis in 
the mandibles. Hare #Tl-3 did not have an enlarged or deformed jaw, 
whereas hare #T3-13 had a noticeably thickened jaw and excessively worn 
teeth. Four bones were included in th is  study: the mandible, femur,
t ib ia  and metatarsal s. The results are l is te d  in Table 2.
The mandible was divided into four samples; (1) The coronoid 
process and mandibular condyle, (2) v e r t ic le  ramus, (3) horizontal ramus, 
and (4) molar teeth with a minimum of attached bone tissue. In animal 
#Tl-3 ,  with the r e la t iv e ly  lower f luor ide  level roughly averaging 4,000 
ppm, there was considerable var ia t ion among the four samples. At the 
higher f luor ide le v e l ,  averaging about 11,000 ppm, in animal #T3-13 there
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Plate 5
A. Tibia of Newfoundland snowshoe hare #13-9 (top) with 11,710 ppm 
f lu o r ide ,  showing the most severe t ib ia  damage observed, as compared 
to a control hare t ib ia  (bottom). This t ib ia  appears to have been 
broken and healed improperly. Approximately 1.5X magnification.
B. Femur of the same hare #T3-9 (top) as above, showing a lack of  
obvious f luor ide damage, as compared to the control hare femur 
(bottom). Approximately 1.5X magnification.
Plate 5
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Table 2
Fluoride D istr ibut ion in the Bones of Two Snowshoe Hares 
Exhibit ing Varying Degrees of Fluorosis
Animal Id en t i f ica t io n Number
ppm
^ ( T l - 3 )
FIuoride
(T3-13)
Coronoid Process and 
Mandibular Condyle
3,858 12,599
Vertical Ramus 7,107 12,697
Horizontal Ramus 6,727 12,943
Teeth with Some 
Connecting Mandible
2,973 11,801
Proximal Femur 3,929 12,503
Femur Shaft 3,332 10,000
Distal Femur 4,300 12,503
Proximal Tibia 5,378 12,455
Tibia Shaft 2,633 9,209
Distal Tibia 5,151 10,513
Proximal Metatarsal 2,396 8,480
Metatarsal Shaft 2,121 8,959
Distal Metatarsal 4,054 10,677
X = 4,151 11,180
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was less va r ia t ion .  In both animals, the teeth accumulated less f luor ide  
than the mandibular bone tissues. Thus, in animal #11-3, the teeth had 
2,973 ppm f luor ide  compared to an average 5,806 ppm fo r  the mandibles.
The femur, t i b i a  and metatarsals were each divided into three  
sections: (1) proximal end, (2) shaf t ,  and (3) d is ta l  end. Results o f
these analyses indicated tha t  the proximal and d is ta l  ends of  the femur 
(12,503 ppm f lu o r id e )  accumulated more f lu or ide  than the shaft  (10,000 ppm 
f lu o r id e ) .  The same was true fo r  the t i b i a .  In both animals, the proximal 
end had the greatest amount o f  f lu o r id e ,  followed by the d is ta l  end and 
then the shaft .
The metatarsals showed the reverse trend. Here the d is ta l  end had 
the most f luor ide  with 4,054 ppm, compared to 2,396 and 2,121 ppm f lu or id e  
for  the proximal metatarsals and shaf t ,  respect ive ly ,  in animal #T l-3  
(Table 2) .
Based on the data in Table 2, f iv e  samples were selected to be 
analyzed from each of the remaining 46 hares. The coronoid process and 
mandibular condyle were selected as indicators of  f luor ide  in the mandible 
because these were the easiest samples to c o l le c t  consistently .  Because 
a l l  adherent bone could not be conveniently removed from the molars, 
incisors were analyzed as in d ica t ive  o f  tooth f lu or ide  levels .  The 
proximal t ib ia  and femur and d is ta l  metatarsals were selected fo r  measure­
ment, as ind ica t ive  o f  the most elevated f lu o r id e  levels  in each of these 
bones. The proximal end was chosen fo r  analysis because previous research 
has shown i t  to be the highest accumulator in deer and c a t t le  bones (Kay, 
1975; Sutt ie  and P h i l l i p s ,  1962).
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The results of a l l  f luor ide  analyses are presented in Table 3.
In several cases, bones were unavailable for  analysis and therefore are 
not included. When the selected portion of bone was unavailable, a 
d i f fe ren t  portion was analyzed, as noted in Table 3.
From an inspection of Table 3, i t  can be seen that the f luor ide  
values fo r  a l l  f ive  samples were reasonably consistent within a given 
hare. Least squares l in e a r  regression analysis showed coeff ic ients  of  
determination greater than 78 among the d i f fe re n t  tissues, as shown in 
Table 4. Figures 3 and 4 show that the t ib ia  has approximately 200 to 
300 ppm more f luor ide  than e i th e r  the femur or the mandible. From
Figure 5, i t  is apparent that the mandible has only s l ig h t ly  more f luor ide
than the femur. Figure 6 shows that the mandible averages over 100 ppm 
greater in f luor ide than the metatarsals. The incisors averaged around 
240 ppm more f luor ide  than the metatarsals , shown in Figure 7, but almost
350 ppm less than the mandibles, depicted in Figure 8. Thus f luoride
accumulates d i f f e r e n t i a l l y  in the bones of Newfoundland snowshoe hares as 
follows: t ib ia  > mandible > femur > incisors > metatarsals. However, in
a l l  cases the f luor ide concentrations are highly correlated (Table 4) .
The smallest correlat ion co e f f ic ien t  (.88581) was observed in incisor  
f luoride versus metatarsal f lu o r id e ,  but a l l  correlat ion coeff ic ients  
were s ign if ican t  at P < .01.
Fluoride and bone density . Kaltre ider  et a l .  (1972) suggested that  
bone density increases with f luor ide  exposure in humans. Bone density 
was calculated from the measurements of length, weight and an estimated 
cross-sectional area based on two measurements of t ib ia  and femur diameter.
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Table 3
Fluoride Content of Five Bony Tissue Samples from Newfoundland
Collect i on ppm Fluoride
Site Femur Tibia Metatarsus Inci sor Mandible
Tl-1 4,692* 3,135* 2,944 3,679 5,519
t t 9,177 t t
3,929 5,378 4,054 — 3,858
T2-1 11,275 11,496 9,884 7,373 11,268
2 6,014* 5,312* 4,369 5,522 5,840
3 10,682* 8,219* 8,791 7,460 10,194
4 10,598+ 9,732+ 9,326+ — — 10,974+
5 3,792 4,490 2,865 2,642 4,330
6 5,270 5,925 4,369 5,127 5,049
7 8,035 8,654 7,175 7,460 8,645
T3-1 8,825 9,807 8,098 8,553 9,643
2 4,284 4,724 3,810 3,171 3,835
3 11,812 11,496 10,315 8,587 11,531
4 11,550* 10,306* 10,932 9,034 12,993
5 6,209 6,209 5,009 3,855 6,231
6 10,889 11,541 8,587 8,929 9,800
7 4,798 4,989 4,369 4,169 5,747
8 t t 9,358 t t
9 12,5035 11,7105 10,7225 — — —
10 9,321 9,285 8,004 9,212 10,595
11 4,564 4,869 2,764 4,527 4,771
12 8,035 7,460 6,307 6,507 7,689
13 12,503 12,455 10,677 12,599
T4-1 6,456 6,558 5,653 3,962 7,006
2 2,938 3,074 3,134 1,983 2,361
3 6,185 6,209 3,978 5,048 6,620
4 7,259 7,667 5,332 5,479 7,720
5 7,147 7,203 6,482 4,267 7,689
6 7,423 7,572 6,183 4,155 4,155
7 7,077 7,277 5,688 3,977 6,615
8 3,072 3,339 1,676 3,434 2,988
9 5,253 5,150 4,969 3,060 4,929
*d ista l sampl e rather than proximal § le f t  leg bones of th is  animal
tsent to Dr. Shupe --unavailalble for  ana lys is ;  never
twhole bone sample provided or composi te analyzed
Table 3 (cont inued)
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Collection ppm Fluoride
Site Femur Tibia Metatarsus Incisor Mandible
T5-1 2,549 2,815 1,834 1,828 2,549
2 2,684 3,024 1,912 1,853 2,964
3 3,559 3,573 2,952 1,602 3,573
4 4,324 4,393 4,949 1,866 4,969
5 3,287 3,339 3,121 1,765 3,222
6 3,930 4,073 2,815 1,945 3,659
7 3,261 3,530 2,056 2,008 2,826
T6-1 4,681 5,150 3,287 3,379 4,663
2 4,222 4,589 3,420 2,738 4,989
3 3,060 3,235 2,244 1,796 3,024
4 4,009 4,073 3,070 3,084 3,792
5 3,393 4,057 2,600 2,917 3,475
6 2,878 3,133 2,409 1,455 3,058
7 1,875 2,204 1,406 1,334 2,177
8 3,537 3,977 2,332 2,419 3,683
T7-1 t t 170 t t
2 128* 107* 122 60 147
3 179 196 131 86 157
4 217 228 166 89 193
5 — — 217^ 176 107 192
6 254+ 206+ — - — — 268
T9-1 3,820 4,226 3,929 1,785 4,092
*dista l  sample rather  than proximal 
tsent to Dr. Shupe 
twhole bone sample
§ le f t  leg bones of th is  animal 
-unavailable fo r  analysis; never 
provided or composite analyzed
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Table 4
Comparison of Fluoride Accumulation in D i f ferent  Bones
of Snowshoe Hares
Coeff ic ient  of  
Determination
Rz
Y - ai + a 2%
Ü2
Correlation  
Coeff ic ient R 
(P < .01)
Tibia - Femur .95640 -331.17386 1.04148 .97796
Tibia - Mandible .88916 -201.09334 1.02421 ,94295
Mandible - Mandible .94145 51.97780 0.99853 .97028
Mandible - Metatarsus .91454 -135.17097 0.84431 .95631
Metatarsus - Incisor .78466 239.10254 0.84125 .88581
Mandible - Incisor .86926 -346.48122 0.78801 .93234
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Figure 3. Least squares l i n e a r  regress ion o f  f l u o r i d e  in t i b i a s  and
femurs o f  snowshoe hares. C o e f f i c ie n t  o f  de te rm ina t ion :
= .956, Y = -331.2 + 1.04148X.
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Figure 4. Least squares l i n e a r  regress ion o f  f l u o r i d e  in  t i b i a s  and
mandibles o f  snowshoe hares. C o e f f i c ie n t  o f  de term inat ion
= .889, Y = -201.1 + 1.04148X.
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Figure 5. Least squares l i n e a r  regress ion o f  f l u o r i d e  in  femurs and
mandibles o f  snowshoe hares. C o e f f i c ie n t  o f  de term inat ion
= .970, Y = 51.9778 + 0.99853X.
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Figure 6. Least squares l i n e a r  regress ion o f  f l u o r i d e  in  mandibles and
meta ta rsa ls  o f  snowshoe hares. C o e f f i c ie n t  o f  de term inat ion
= .956, Y = -135.17 + 0.84431X.
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Figure 7. Least squares l i n e a r  regress ion o f  f l u o r i d e  in  meta ta rsa ls  an
in c is o rs  o f  snowshoe hares. C o e f f i c ie n t  o f  de te rm ina t ion :
R2 = .88581, Y = 239.1 + 0.84125X.
49
( 1 ..
LL-
U-
Ltr.
L7J
cn
CJ
0 t_V. — r
/o n n I 0 000  12000
M^NDI OLE:  F FFM
Figure 8. Least squares l i n e a r  regress ion o f  f l u o r i d e  in mandibles and
in c is o rs  o f  snowshoe hares. C o e f f i c i e n t  o f  de te rm ina t ion :
= .932, Y = -346.48 + 0.78801X.
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The equation used was density = weight/( length X cross-sectional area).  
Density was not calculated for  the mandibles because a single width 
measurement would not be representative of the shape of  the bone.
The length, weight and cross-sectional area of both t ib ia s  and 
femurs are correlated with weight only (Tables 5 and 6). All correlations  
were s ign i f ican t  at P < .05. Bone density was s ig n i f ica n t ly  correlated  
with weight only; coeff ic ients  at P < .01 were .578 fo r  t ib ia s  and .726 
for femurs. Bone f luor ide  concentration was s ig n i f ic a n t ly  correlated  
with cross-sectional area (R = .674 [P < .01] for  t ib ia s  and R = .654 
[P < .01] for  femurs) and was negatively correlated with density (R = -.486  
[P < .05] for  t ib ias  and R = - .538  [P < .01] for  femurs). Thus, as 
f luoride concentration increases in the t ib ia  and femur, cross-sectional  
area increases but density decreases (Figures 9 through 12).
Mult ip le  stepwise l inear  regression analysis was u t i l i z e d  to 
determine which factors most strongly influence bone density. Density 
was designated the dependent variable  with weight, length, cross-sectional  
area and ppm f luor ide  given as the independent variables. Weight was 
selected as the variable  most associated with density, followed by cross- 
sectional area and then length. Table 7 l i s t s  the unadjusted coeff ic ients  
of determination and improvements in f luor ide  for  each of the regressions 
for  t ib ia s ,  and Table 8 l i s t s  these data for  femurs. Over 98 percent of  
the v a r ia b i l i t y  in femur and t ib ia  density is explained by regression 
with weight, cross-sectional area and length. This might be expected 
because density was based on these three measurements. Fluoride was not 
selected as an independent variable, despite a s ign i f ican t  correlation  
between ppm f luor ide  and density in both t ib ia s  and femurs.
Table 5
Correlation Coeff ic ients fo r  Snowshoe Hare Tibia Measurements
and Fluoride Concentrations
Sign if icant  Correlations R P <
Length - Weight .58479 .01
Weight - Cross-sectional Area .58905 .01
Length - Cross-sectional Area .34419 .05
Cross-sectional Area - ppm Fluoride .67427 .01
Density - ppm Fluoride -.48630 .05
Density - Weight .57798 .01
Non-Significant Correlations R
ppm Fluoride - Length -.03134
ppm Fluoride - Cross-sectional Area .08849
Density - Cross-sectional Area -.25988
Density - Length .08079
Table 6
Correlation Coeff ic ients fo r  Snowshoe Hare Femur Measurements
and Fluoride Concentrations
Signif icant Correlations R P <
Length - Weight .59503 .01
Weight - Cross-sectional Area .39601 .05
Length - Cross-sectional Area .36728 .05
Cross-sectional Area - ppm Fluoride .65415 .01
Density - ppm Fluoride -.53779 .01
Density - Weight .72610 .01
Non-Significant Correlations R
Density - Cross-sectional Area -.31122
Density - Length .19029
ppm Fluoride - Weight -.10612
ppm Fluoride - Length -.00701
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Figure 9. Least squares l in e a r  regression of t ib ia  f luor ide  and 
t ib ia  cross-sectional area in snowshoe hares. 
Correlat ion c o e f f ic ie n t :  R = .674 (P < .01) .
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Figure 10. Least squares l i n e a r  regression o f  t i b i a  f lu o r id e  and
Lib ia densi ty  in snowshoe hares. Corre la t ion
c o e f f i c i e n t :  R = -0.406 (P < .05).
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Figure 11. Least squares l i n e a r  regress ion o f  femur f l u o r i d e  and
femur c ro s s -s e c t io n a l  area in  snowshoe hares.
C o r re la t io n  c o e f f i c i e n t :  R = .654 (P < .01).
■.t T
55
00
V "
CD
!.. 1
'.3
L jJ
3  !
LI.J
LJ..  !
0
-r H- :t
/I '■
: P
-t
Figure 12. Least squares l i n e a r  regress ion o f  femur f l u o r i d e  and
femur dens i ty  in snowshoe hares. C o r re la t io n
c o e f f i c i e n t :  R = -0.538 (P < .01).
Table 7
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Mult ip le  Stepwise Linear Regression of T ibia  Density Versus 
Weight, Cross-Sectional Area, Length and ppm Fluoride
Xj = Weight
Y = Density 
, Xg = Cross-Sectional Area, X̂  = Length
First  Regression: Tibia Density versus Tibia Weight 
Y = 1.351 + 0.225Xi
Coeff ic ient of Determination: R̂  = .33406 
Improvement in F = 18.0589
Second Regression: Tibia  Density versus Tibia  Cross-Sectional Area 
Y = 2.537 - 1.272Xi + 0.436Xz 
Coeff ic ient  of Determination: R̂  = .885971 
Improvement in F = 169.404
Third Regression: Tibia Density versus Tibia  Length
Y = 4,435 - 1.272Xi - O.O2OX2 + 0.525X3 
Coeff ic ient  of Determination: R̂  = .986704 
Improvement in F = 257.596
Table 8
Mult ip le  Stepwise Linear Regression of Femur Density Versus 
Weight, Cross-Sectional Area, Length and ppm Fluoride
Y = Density
= Weight, X̂  = Cross-Sectional Area, X̂  = Length
Firs t  Regression: Femur Density versus Femur Weight 
Y = 0.899 + 0.321X,
Coeff ic ient  of Determination: R̂  = .527222 
Improvement in F = 43.4912
Second Regression: Femur Density versus Femur Cross-Sectional Area 
Y = 2.597 - 1.163Xi + 0.445X2 
Coeff ic ient  of Determination: R̂  = .952427 
Improvement in F = 339.644
Third Regression: Femur Density versus Femur Length
Y = 4.174 - 1.103X; - 0 . 0196X2 + 0 . 501X3 
Coeff ic ient  of Determination: R̂  = .98759 
Improvement in F = 104.834
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In a second set of mult ip le  regressions u t i l i z in g  the t ib ia  data, 
cross-sectional area was omitted in order to determine i f  ppm f luor ide  
would be selected as an independent variable a f fect ing bone density.
Again, weight was selected as the pr inc ip le  variable  related to density,  
but th is time ppm f luor ide  was ranked as the second variable influencing 
t ib ia  density,  more important than length. These results ,  l is te d  in 
Table 9, indicate that f luor ide  does influence bone density. The corre­
lat ion of f luor ide  and density fo r  t ib ia s  and femurs shows that i t  is a 
negative r e la t io n ,  such that density decreases as f luor ide  increases,  
which is contrary to the conclusion of Kaltre ider  et a l . (1972),
I then hypothesized that because f luor ide  is correlated with both 
cross-sectional area and density but not with weight or length, f luor ide  
may influence density through i ts  re lat ionship with cross-sectional area. 
However, less than 50 percent of the v a r i a b i l i t y  in cross-sectional area 
is explained by regression with ppm f luor ide  (Table 10). Addit ional ly ,  
there is no s ig n i f ican t  corre la t ion between bone density and cross- 
sectional area in the Newfoundland snowshoe hare t ib ias  or femurs. The 
lack of correlat ion may be due to the influence of f luor ide  on cross- 
sectional area, such that the normal re lat ionship between cross-sectional  
area and density is already masked. The lack of an adequate control 
sample precluded testing th is  p o s s ib i l i ty .  Future studies on the normal 
relationship of density and cross-sectional area and on the effects  of 
f luoride on bone density may be able to determine the variables respon­
sible for  the decreasing bone density as f luor ide  concentration increases.
For mandibles, only the width was s ig n i f ic a n t ly  correlated to ppm 
fluoride (Table 11),  showing that as f luor ide  concentration in the
Table 9
Mult ip le  Stepwise Linear Regression of Tibia  Density Versus 
Weight, ppm Fluoride and Length
Y = Density 
Xj = Weight, = ppm Fluoride, X̂  = Length
First  Regression: Tibia Density versus Tibia Weight
Y = 1.351 + 0.225Xi
Coeff ic ient  of Determination: R̂  = 0.33406
Improvement in F = 18.0589
Second Regression: Tibia  Density versus Tibia ppm Fluoride
Y = 1.555 - .G00049Xi + 0.244Xz 
Coeff ic ient  of Determination: R̂  = 0.625196
Improvement in F = 27.1869
Third Regression: Tibia Density versus Tibia Length
Y = 3.821 - 0.000053Xi - 0.024X2 + O.SSIX; 
Coeff ic ient  of Determination : R̂  = 0.76548
Improvement in F = 20.338
Table 10
Least Squares Linear Regression of ppm Fluoride and Density 
in Tibias and Femurs of Snowshoe Hares
Y R"
Tib ia  1.359 + .00004X 0.45464
Femur 1.662 + .00004X 0.41575
Table 11
Correlat ion Coeff ic ients fo r  Snowshoe Hare Mandible Measurements
and Fluoride Concentrations
Sign if icant  Correlations R P <
Weight - Length .439 .01
Weight -  Width .387 .05
Width - Length/Weight - .459 .01
ppm Fluoride - Width .410 .05
ppm Fluoride - Length/Width .965 .01
Non-Significant Correlations R
ppm Fluoride - Length -.00572
ppm Fluoride - Weight .06658
Length - Width -.09949
mandible increases, bone width also increases. While a density corre­
lat ion was not performed, i t  is l i k e ly  that density would decrease as 
f luoride increased, ju s t  as i t  did in the t ib ia  and femur. However, 
actual density measurements should be made in future studies to determ 
th is .
Histological abnormalities in bones and te e th . Only preliminary  
results of observations on the histological tooth and bone changes thaï 
may be a t t r ibu tab le  to f luor ide  w i l l  be reported here. The slides w i l l  
be sent to a veterinary pathologist.  Dr. Lennart Krook at Cornell 
University , for  corroboration. Cross-sections of mandibles and molars 
from a l l  hares were prepared and examined for  histological  damage. The 
most commonly observed histologies were hyperostosis of the mandibular 
diastema and dentine cavita t ion or i r re gu la r  canals in the molars. 
Exostoses, or local ized abnormal bone growth, as shown in Plate 6, were 
generally severe in animals exhibit ing them. Plate 7 shows the more 
subtle periosteal or endosteal hyperostosis character ist ic  of the mandi 
bles. Plate 8 is an example of severe molar dentine cavitat ion or hypo 
ca lc i f ica t ion  as compared to a more normal tooth. Approximately 39 per 
of the hares had histological  tooth damage, and 65 percent had mandibul 
damage. This compares closely with the i n i t i a l  observation, based on 
gross examination of the bones, that 42 percent and 63 percent had noti 
ably damaged (malformed) teeth (molars or incisors) or mandibles.
A tabulation of histological  damage and f luoride concentrations 
revealed that damage to the teeth and mandibles occurs with f luoride  
concentrations as low as 2,000 ppm (Figures 13 through 16). At levels  
greater than 5,000 ppm f lu o r id e ,  a l l  t issues are damaged. Abnormal tee
Plate 6
Mandibular exostosis in Newfoundland snowshoe hare #T4-2 with 2,36' 
ppm fluor ide in the mandible (60X cross-section by Gary Matson).
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Plate 7
Endosteal hyperostosis in snowshoe hare #T3-4 with 12,993 ppm 
fluoride in the mandible (60X cross-section by Gary Matson).
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Plate 8
A. Longitudinal section of a molar from hare #T3-4 with 9,034 ppm
fluoride in the incisors. Note i r re gu la r  canals and hypocalcification
B. An essent ia l ly  normal molar from hare #T3-2 with 3,171 ppm fluor ide  
in the incisors (60X, through mid-region of tooth, by Gary Matson).
Plate  8
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Figure 13. Percent of snowshoe hares in each bone f luoride range exhi­
b i t ing v is ib le  signs of fluorosis  in molars or incisors.
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Figure 14. Percent of snowshoe hares in each bone f luor ide range 
exhib it ing histo logical  damage in the molars.
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Figure 15. Percent of snowshoe hares in various bone f luor ide range: 
exhib it ing v is ib le  signs of fluorosis  on the mandibles.
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Figure 16. Percent of snowshoe hares in each bone f luoride range 
exhib it ing h isto logical  damage in the mandibles.
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or mandibles can general ly  be recognized from external appearances as 
readily  as by histological  examinations. While 17 hares had tooth damage, 
28 had mandible damage. Mandibles accumulated more f luor ide  than incisors 
and exhibited a greater percentage of damage at f luor ide  levels below
5,000 ppm than molars did. Mandibles showed roughly 50 percent damage at 
levels below 5,000 ppm, compared to approximately 10 percent damage in 
molars.
Comparison of co l lect ion s i t e s . Fluoride-contaminated hares were 
collected from seven areas around the ERGO phosphate plant and one control 
area. No map of the s i te  locations was provided to the Environmental 
Studies Laboratory; as a re s u l t ,  no evaluation of s i te  differences based 
on distance and d irect ion from the pollut ion source could be made. A 
comparison of f luor ide  accumulation in hares at the sites is available in 
Appendix G.
Age d is t r ib u t io n . Since there was no attempt to age the hares at the 
time of co l lec t ion ,  I attempted to age them by annual growth rings on 
mandibular cross-sections. This method was designed and tested by 
Ohtaishi et a l .  (1976) and proved sat isfactory for  aging wild hares in 
Japan. Plate 9 shows the annual rings observed in an approximately two- 
year-old Newfoundland hare. A one-year-old or younger hare would not 
have the second, well-defined annual layer. Unfortunately, due to the 
influence of f luor ide  on the mandibles of a majority of hares, this  
method cannot be considered a r e l ia b le  estimate of hare age in th is study.
Two separate sets of  observations of the mandible slides were 
made to estimate the age of each individual (Table 12). The f i r s t  attempt
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Plate 9
Diastema cross-section of an approximately 2 .5-year-old  snowshoe hare 
#T6-3. Note the annual rings of the periosteum (160X by Gary Matson)
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Table 12
Snowshoe Hare Ages Based on Annual Growth of Mandibular Diastema
Site
Age
Site
Age
Firs t
Attempt
Second
Attempt
F irst
Attempt
Second
Attempt
Tl-1 2.5 1.5 T5-1 1.0 1.0
2 - - 2 1.5 1.0
3 2.0 1.0 3 1.5 1.0
4 1.0 1.0
5 1.0 1.0
T2-1 1.5 - 6 1.0 1.0
2 1.5 - 7 1.0 1.0
3 1,5 1.5
4 1.5 1.5
5 1.0 1.0 T6-1 1.5 1.0
6 1.5 1.0 2 2.0 1.5
7 1.5 1.5 3 2.0 1.5
4 1.5 1.0
5 2.0 1.5
T3-1 1.5 1.5 6 1.0 1.0
2 1.5 1.0 7 1.5 1.0
3 1.5 1.0 8 1.5 1.0
4 1.5 1.5
5 1.5 1.0
6 2.0 1.5 T7-1 - -
7 1.0 1.0 2 1.5 1.0
8 - - 3 1.0 1.0
9 - - 4 1.5 1.0
10 2.0 1.5 5 1.0 1.0
11 1.5 1.0 6 2.5 2.5
12 1.0 1.5
13 1.5 1.5
T9-1 1.0 1.0
T4-1 2.0 1.0
2 3.5 2.5
3 1.0 1.0
4 2.0 1.0
5 1.5 1.5
6 1.5 -
7 1.5 1.0
8 2.0 1.5
9 2.0 1.0
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at aging the hares resulted in approximately one-fourth of the animals 
c lass if ied  as 2 years or o lder ,  one-half  as 1.5 years old, and one-fourth 
as 1 year old or younger. In the second survey, only three animals were 
considered older than 1.5 years old or older. The difference may be due 
to greater experience at d i f fe re n t ia t in g  the layers on the second attempt. 
The s t a t is t i c s ,  l is te d  in Table 13, show that in e i ther  case, the 1.5-year-  
olds have a higher average f lu or ide  than the 1-year-olds--approximately
2,500 ppm higher. However, the results of a t - s t a t i s t i c  for  two means,
P < ,05, showed th is  d if ference was not s t a t i s t i c a l l y  s ign i f ican t ly  
d i f fe re n t ,  probably due to the large standard deviations from the mean 
(X). At s i te  4 the animal with the lowest f luor ide concentration may also 
be the oldest animal. No s t a t is t ic a l  d if ference was found in the body 
weights of older or younger animals, although females were often heavier 
than males, as would normally be expected.
Table 13
Comparison of Fluoride Accumulation in Older and Younger
Snowshoe Hares
1 Year Old 1.5 Years 
or Less Old
First  Attempt: Mean ppm Fluoride 4,433 7,058
(11 anima Is ) (21 animals
Standard Deviation 1,662 3,490
Second Attempt: Mean ppm FIuoride 4,601 7,379
(26 anima Is) (19 animals,
Standard Deviation 1,584 3,133
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Montana Whitetai led Jackrabbits [Lepus townsendii)
In the f a l l  of 1977, 15 w hite ta i led  jackrabbits were collected 
approximately six miles northwest of Stauffer  Chemical Company's Si lver  
Bow phosphate plant in Montana. Fluoride values in the mandibles of the 
15 jackrabbits ranged from 689 to 3,452 ppm (Table 14). Regression 
analysis yielded s ig n i f ican t  c o rre la t io ns , greater than .928, between 
mandible, t i b i a ,  femur and metatarsal f luor ide  concentrations (Table 15). 
There was no corre la t ion between incisor ppm fluor ide and mandible ppm 
fluoride. Incisors ranged from 330 to 953 ppm. One jackrabbit  with 
1,731 ppm fluor ide in the mandible had 953 ppm in the incisor. No gross 
symptoms of fluorosis  were observed. For comparison, bone f luoride  
levels in white ta i led  jackrabbits collected in unpolluted areas of 
Montana were found to be approximately 250 ppm (Kay et a l . ,  1975a).
Histological slides for  seven of the jackrabbits revealed no 
obvious abnormalities in the mandibles or teeth. The slides w i l l  be sent 
to Dr. Krook fo r  fu rther  examination.
Montana Mountain Cottontail  [Sylvilagus nuttallii)
One co ttonta i l  rabbit  was collected about f ive  miles northwest of 
the Si lver Bow phosphate plant .  This animal had 5,657 ppm f luoride in i ts  
mandible and 866 ppm in the incisors. No histological examination or age 
estimate could be made fo r  th is  rab b i t ,  but i t  did not exhibit  any gross 
symptoms of f luoros is .  Bone f luor ide  levels in mountain cottontail  from 
unpolluted areas of Montana were reported by Kay et a l .  (1975a) to be 
approximately 170 ppm.
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Table 14
Fluoride Levels in Indigenous Animals Around S i lver  Bow, Montana
Species/
Sample No. Femur Tibia Metatarsals Incisor Mandible
Whitetailed Jackrabbi t  {Lepus townsendii)
1 1,092 1,160 938 491 1,019
2 1,000 1,286 954 455 1,075
3 2,920 3,015 2,422 503 3,188
4 512 543 450 330 689
5 761 862 717 396 815
6 812 862 953 341 835
7 1,331 1,388 1,393 659 1,526
8 957 930 1,113 497 1,117
9 1,071 1,182 1,096 620 1,196
10 1,210 1,252 1,336 528 1,276
11 1,561 1,526 1,526 953 1,731
12 855 848 901 420 976
13 2,686 2,643 2,090 535 3,452
14 796 838 676 431 930
15 1,503 1,634 1,071 377 1,839
Mountain Cottontail {Sylvilagus nuttallii)
1 4,863 5,245 4,181 866 5,657
Mule Deer [Odoooileus hemionus )
1 ( Vertebra- -1 ,502) 1,619
Elk {Census elaphus)
1 (Vertebra- -1 ,497) 1,771
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Table 15
Comparison of Fluoride Concentrations in 
of Whitetai led Jackrabbits
Dif ferent Bones
Sign if icant  Correlations R P <
Femur Fluoride - Tibia Fluoride .99273 .05
Mandible Fluoride - Tibia Fluoride .97318 .05
Mandible Fluoride - Femur Fluoride .98653 .05
Mandible Fluoride - Metatarsal Fluoride .92842 .05
Non-Significant Correlations R
Mandible Fluoride - Incisor Fluoride .28718
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Montana Mule Deer {Oâocoileus hemionus) and Elk [Cervus elaphus)
Bones from a mule deer and an elk shot six to eight miles north­
west of the Stauffer  Chemical phosphate plant were analyzed for f luoride.  
Both of these animals had elevated bone f luor ide  levels of roughly 1,500 
ppm, but neither showed signs of excessive tooth wear. Kay et a l .  (1976) 
reported that wild ungulates from unpolluted areas generally do not accu­
mulate more than 500 ppm f luor ide  in th e i r  bones.
Chapter 7 
DISCUSSION
Ambient A ir  Fluoride, Forage Fluoride, Bone Fluoride Relations
Caution must be exercised in comparing vegetation and animal data 
collected from various sites by d i f fe re n t  researchers at d i f fe ren t  times, 
due to yearly  fluctuations in pollut ion d is t r ibu t ion ,  climatic factors,  
and in traspec if ic  and in te rspe c i f ic  varia t ions in f luoride accumulation 
rates in vegetation. However, such comparisons can provide useful in fo r ­
mation on the re lat ionship of environmental pollutants and th e i r  e f fect  
on w i ld l i f e .  A ir  and vegetation monitoring around the ERCO and Stauffer  
Chemical phosphorous plants have documented serious fluoride pollution  
problems from these sources (Sidhu, 1977; CPHA,1978b; Carlson, 1973; 
van Hook, 1975; Miles et a l . ,  1978) which can be related to the lagomorph 
findings discussed in th is  thesis .  Lagomorph species around ERCO and 
Stauffer are accumulating 2 to 52 times the amount of fluoride in wild 
rabbits from areas unimpacted by an industr ia l  f luoride source, while 
consuming vegetation ranging from 3 to 500 times the level of f luoride in 
forage from uncontaminated environments. The following discussion w i l l  
explore the re lat ions between ambient a i r  f luor ide ,  vegetation fluoride  
and bone f luor ide  as a resu lt  of emissions from the Stauffer and ERCO 
industrial s i tes.
W i ld l i fe  species exposed to f luor ide  pollut ion in the Long 
Harbour, Newfoundland, area have accumulated some of the highest levels
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of f luor ide  ever reported in f i e l d  studies. While total  fluoride  
emissions from ERCO are unknown, 1977 stack f luor ide  emissions were e s t i ­
mated to be 900 pounds/day (164 tons/year) ,  and "dust" emissions were 
estimated to be 41,000 pounds/day (CPHA, 1978a). Ambient a i r  monitoring 
data collected by Sidhu (1977) in conjunction with vegetation sampling 
showed gaseous f luor ide  levels ranging from 5.08 pg/m^ (6.55 ppb; 1 ppb =
.8 pg/mM to .42 pg/m^ ( .54  ppb), as measured with sodium formate plates 
at distances of 10.3 km to 1.4 km from ERCO. Vegetation ranged from 18 
ppm to over 1,000 ppm f luor ide  at the end of the growing season and aver­
aged roughly 200 ppm in forage l i k e ly  to be u t i l i z e d  by the snowshoe hares 
(derived from Sidhu, 1977). Since hares were collected from seven 
different sites within the polluted area, i t  is unlikely  that a l l  animals 
received the same f luor ide  exposure. Based on f luor ide levels in the 
bones, at least three of the hare co l lect ion sites experienced substan­
t i a l l y  less f luor ide  pollut ion than the others. The only s i te  location 
that was s p e c i f ic a l ly  id e n t i f ie d  to the Environmental Studies Laboratory, 
site 3 located 3 km northeast of ERCO (CPHA, 1978b), had the highest bone 
fluoride levels among the hares. The ambient a i r  hydrogen fluoride concen­
tration at a distance of 2.6 km northeast of ERCO was 3.1 pg/m^ (4 ppb), 
with the vegetation averaging approximately 300 ppm fluor ide (Sidhu, 1977). 
This corresponds to what can be considered a severely-polluted environment, 
since under exist ing forage f luor ide  standards in many states, the forage 
is not allowed to exceed 30 to 80 ppm (Montana Department of Health and 
Environmental Sciences, 1979).
Snowshoe hares around ERCO accumulated 2,000 to 13,000 ppm 
f luoride in th e i r  bones and teeth.  This is 10 to 25 times the amount of
77
f luoride found in the bones and teeth of hares collected in an unpolluted 
area of Newfoundland. Of the 48 hares analyzed for  bone f lu or ide ,  87 
percent had more than 3,000 ppm f luor ide  in the bones, while 70 percent 
had more than 4,000 ppm and 52 percent had more than 5,000 ppm. The 
highest level observed was 12,993 ppm in the mandible of a male hare from 
site 3. To accumulate these excessively high levels of bone f luor ide ,  
the hares ingested forage with an average of 200 ppm f lu or ide ,  though 
again, there was l i k e l y  considerable varia t ion in forage f luoride ingested 
by individual animals.
Hares from s i te  3, located 3 km northeast of ERCO, exhibited some 
of the most noticeably damaged bones and teeth ,  including severely 
deformed mandibles and excessively worn molars and incisors, and had the 
highest f luor ide  levels recorded. Thirteen snowshoe hares from s i te  3 
averaged 8,676 ppm f luor ide  (a  = 3,198) in the mandibles and 6,654 ppm 
(a = 2,481) in the incisors. Vegetation collected from th is general area 
by Sidhu (1977) at the end of the 1976 growing season had the following 
fluoride levels: Fireweed (Epilobiiun opp, ) ,  390 ppm; alder {Atnus s p p . ) ,
320 ppm; grasses, 316 ppm; currants (Rubus s p p . ) ,  268 ppm; raspberry 
[Rubus spp.) ,  510 ppm; and balsam f i r  [Abies balsomea) ̂  96 ppm. All of  
these species are l i k e l y  to be u t i l i z e d  as forage by snowshoe hares.
Site 3 hares were exposed to approximately 4 ppb hydrogen f luoride in 
the ambient a i r  (Sidhu, 1977) and an average of about 300 ppm f luoride in 
their  forage. Seven of these hares accumulated more than 9,000 ppm 
fluoride in th e i r  bones, more than has generally been reported in labora­
tory experiments in the l i t e r a t u r e  researched here.
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In comparison to Long Harbour, Newfoundland, the S i lver  Bow, 
Montana, area is only mild ly impacted by f luor ide  pollut ion. Stauffer  
Chemical estimated th e i r  stack f luor ide  emissions at 100 pounds/day and 
the slag p i t  emissions at 300 pounds/day in 1978. Thus, the tota l is 
less than h a l f  of ERCO's stack emissions. In 1976 Stauffer claimed to 
have reduced i ts  to ta l  f luor ide  emissions by almost one-third over the 
1975 leve ls ,  but vegetation monitoring by the Environmental Studies 
Laboratory during 1975, *1976, 1977 and 1978 did not snow a corresponding 
reduction in forage f luor ide  levels . Ambient a i r  monitoring for  total  
fluoride,measured by a dual tape continuous sampling monitor operated by 
Stauffer, showed the average f luor ide  levels to be .134 ppb in 1977 and 
,23 ppb in 1978 during the growing season.
Lagomorphs collected around Stauffer  in the late f a l l  of 1977 
ingested forage with an average of 10 to 40 ppm fluoride.  Considerable 
yearly f luctuations were observed in forage f luor ide  levels during 1976, 
1977 and 1978. Rabbitbrush [Chvysothamus spp.) collected six miles north­
west of S tauffer ,  in the same v ic in i t y  the jackrabbits were taken, had 
7, 17 and 7 ppm f luor ide  in 1976, 1977 and 1978, respectively, while blue- 
bunch wheatgrass (Agvopyvon spioatum) had 9 ppm in 1976 and 4 ppm in 1978. 
Alfa l fa  collected from f ie ld s  in the same v ic in i t y  averaged 13 ppm in 
1977 and 40 ppm in 1978. Mandibular f luor ide  for  the 15 jackrabbits  
averaged 1,444 ppm (a = 830),  ranging from 2 to 35 times the normal back­
ground f luor ide  levels  in jackrabbits from uncontaminated ecosystems in 
Montana (Kay et a l . ,  1975a). Two jackrabbits had over 3,000 ppm fluoride  
in th e ir  bones, equal to one-third of the bone fluoride levels in s i te  3 
snowshoe hares from Newfoundland.
79
In 1978, rabbitbrush, bluebunch wheatgrass and western wheatgrass 
{Agropyron spp,) were collected from the area where the mountain cotton­
ta i l  was collected in 1977. Vegetation from th is s i te ,  approximately 
f ive  miles northwest of S tauffe r ,  averaged 44 ppm fluoride.  Based on the 
1977 and 1978 forage f luor ide  results for  the en t i re  area, averaging 35 
ppm in 1977 and 60 ppm in 1978, vegetation collected in 1977 from the 
cottonta il  s i te  may have been lower in f luor ide  content than during 1978. 
The cottonta i l  had 5,657 ppm f luor ide  in i t s  mandible and 866 ppm in i ts  
incisors.
Fluoride analyses of l ivestock bones from two ranches, approxi­
mately f iv e  and six miles from the plant ,  show that lagomorphs accumulate 
as much or more f luor ide  than domestic animals. A four-year-old cow 
analyzed for bone f luor ide  from the same ranch that the mountain cotton­
ta i l  was taken had roughly 2,000 ppm f lu o r id e ,  with the metacarpus and 
metatarsus having 2,189 ppm and 1,985 ppm, respectively. This is over
3,000 ppm less than the c o t to n ta i l ,  which was probably younger than four 
years old since co t ton ta i ls  generally do not l iv e  that long (Lord, 1961). 
Forage (grasses and shrubs) from th is  ranch averaged 37, 21 and 45 ppm 
fluoride during 1976, 1977 and 1978, respectively.
The bones of one horse, one sheep and one cow from the ranch 
where the jackrabbits were collected were analyzed for f luoride.  A 
twenty-year-old horse, raised on the ranch, had 3,058 and 4,446 ppm 
fluoride in i ts  mandible and t i b i a ,  respectively,  and the f ive-year-o ld  
sheep had 2,999 ppm f lu or ide  in i t s  mandible (Miles et a l . ,  1978). A 
twelve- to th ir teen -year -o ld  cow had 5,000 to 7,000 ppm fluoride in i ts  
bones. This is the only domestic animal from the area that greatly
80
exceeded the f luor ide  levels in the bones of the two jackrabbits, with 
over 3,000 ppm f luor ide  in th e i r  mandibles. Forage f luor ide levels  
averaged 15 ppm in 1977 and 40 ppm in 1978 (Miles et a l . ,  1978; Steffe l  
and Losher, 1979),
A number of  laboratory studies have attempted to document the 
relat ionship between f luor ide  intake and bone f luor ide .  However, various 
laboratory studies discussed here and l i t e r a tu r e  from other f i e ld  studies 
indicate that  laboratory studies underestimate the degree to which 
animals in the f i e l d  concentrate f luor ide  in th e i r  bones.
A study of deer mice given f luor ide  in th e ir  drinking water 
reports some of the highest bone f luor ide  levels observed in laboratory 
experiments. In his experiment, Fogelsong (1974) found an average of 
7,817 ppm f luor ide  in mice femurs from one group receiving 200 ppm 
fluoride in th e i r  water,  and 9,164 ppm in femurs from mice given 600 ppm 
fluoride in the water. The 600 ppm level proved to be toxic for many of 
the mice. His control group, given 1 ppm f luoride in the water, averaged 
1,262 ppm in th e i r  femurs. Animals in th is  group showed no abnormal 
dental or bone lesions, whereas both the 200 and 600 ppm groups exhibited 
severe symptoms of f luorosis .  As a res u l t ,  Fogelsong concluded that a 
low level of bone f lu o r ide  accumulation, as observed, is not detrimental 
to an animals’ s health.
The normal range of f luor ide  in drinking water is between 0 and 
.2 ppm (Groth, 1975), with resultant  bone accumulations in mice of less 
than 100 ppm (Messer et a l . ,  1973). Consequently, laboratory water 
fluoride ingestion studies are fa r  removed from f ie ld  conditions for  
w i ld l i f e ,  and they can only be used as indications of the degree to which
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animals can accumulate f luor ide .  Add it ional ly ,  laboratory studies e l im i ­
nate sources of stress to the animals, creating an a r t i f i c i a l  situation  
unrelated to the natural environment of wild animals. Observations on 
health effects  in these laboratory studies may, therefore, not be relevant  
to wild animals.
Laboratory studies of animals fed f luor ide  in th e i r  solid diets 
have largely  underestimated bone f luor ide  accumulation in wild animals. 
Newman and Markey's (1976) study of deer mice fed over 1,000 ppm fluoride  
in th e ir  food for  eight weeks found femur f luor ide levels of 3,300 to
4,500 ppm. The control group, with 38 ppm fluor ide in th e i r  d ie t ,  
averaged less than 500 ppm f luor ide  in th e i r  femurs. Briggs and Phi l l ips  
(1952) reported an average of 4,834 ppm fluor ide in hind leg bones of 
rabbits fed 210 ppm f lu or ide  in th e i r  diets for  four months. These levels 
are two to ten times less than comparable examples from this study. Such 
discrepancies may be a t t r ibu ted  to the short-term exposure of animals in 
the laboratory experiments.
Newfoundland snowshoe hares from s i te  3, which ingested up to 
300 ppm f luor ide  in the forage, average 8,500 ppm in the leg bones, with 
some individuals having over 12,000 ppm. The mountain cottonta i l  from 
Silver Bow, Montana, with 5,054 ppm f luor ide  in the hind leg bones 
including t i b i a ,  femur and metatarsals, consumed vegetation averaging 
less than 40 ppm f luor ide .
Other studies substantiate the view that animals in the f ie ld  
accumulate f luor ide  more read i ly  than animals under control led laboratory 
conditions. Gordon et a l .  (1977) reported femur fluoride levels up to 
1,816 ppm in deer mice from southeastern Montana where forage averaged
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less than 7 ppm f luor ide .  Meadow voles {Miorotus pennsylvanious) from 
Cornwall Is land, New York, had an average of 1,531 ppm f luoride in the ir  
femurs, with vegetation averaging 12.9 ppm in the surrounding area during 
the summer of 1977 (Miles,  in preparation).  Fogelsong (1974) found femur 
f luoride levels as high as 2,332 ppm in deer mice from Glacier National 
Park exposed to an average of 15 to 20 ppm f luor ide  in the vegetation.
The observed differences between laboratory and f i e ld  study 
results are due In part  to the length of time the animals are exposed to 
f luoride and to the wide fluctuations in f luor ide  exposure experienced 
by wild animals. Exposure to f luor ide  in utero and throughout l i f e ,  as 
occurs in w i l d l i f e ,  is another factor  that enhances the effects of 
f luoride (Krook and Maylin, 1979). As a re s u l t ,  f i e ld  studies show 
higher bone f luor ide  levels associated with lower dietary fluoride levels 
than laboratory studies.
Fluoridated water may resu lt  in higher bone fluor ide accumulations 
in animals than fluoride-contaminated vegetation,since animals generally 
consume twice as much water as roughage. A good example of the discrep­
ancies observed between laboratory and f i e l d  studies is shown in 
Fogelsong's (1974) work and Gordon's (1977) work. Fogelsong's laboratory 
mice, fed 1 ppm water, accumulated 1,262 ppm f luor ide ,  whereas Gordon’ s 
f ie ld  trapped mice, exposed to 5 to 7 ppm f luor ide  in the forage, accumu­
lated up to 1,816 ppm.
Bone Fluoride and Health Impacts
Excessive f luor ide  exposure causes abnormal physiological develop­
ment in bones and teeth of laboratory animals, but such physiological 
damage has not been well documented in wild animals (Karstad, 1967,
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Kay et a l .  (1975b). Abnormal bone growth (hyperostosis), an increase in 
femur shaft  diameter, mottled teeth and a reversal of the normal upper 
to lower incisor  ra t io  are among the effects  of f luor ide reported in 
laboratory experiments. Long Harbour, Newfoundland, snowshoe hares with 
greater than 3,000 ppm f luor ide  in th e i r  mandibles exhibited: (1) de­
formed, thickened mandibles, up to one and a ha lf  times the normal 
thickness, (2) an increase in cross-sectional area of t ib ias  and femurs, 
(3) a decrease in t i b i a  density, and (4) abnormally and excessively worn 
teeth with noticeable histological  damage to the molars. While the jack­
rabbits and co ttonta i l  did not show any v is ib le  signs of f luorosis,  histo­
logical studies should be undertaken to determine i f  more subtle changes 
are occurring.
Severe bone and tooth damage, due to excessive accumulation of  
f luoride ,  was evident in snowshoe hares from Newfoundland. Over 40 
percent of the contaminated snowshoe hares exhibited severely thickened 
or deformed mandibles. Mandibular thickening was s ign i f ican t ly  correlated 
with the f luor ide  content o f  the bone (R = .410, P < .01).  Approximately 
half of the animals had excessively worn incisors and molars, many to the 
extent of in te r fe r ing  with normal chewing behavior as evidenced by the 
wear patterns. Mott ling was not observed in the teeth. In a l l ,  75 
percent of the 48 hares examined had some symptoms of f luorosis ,  either  
exostotic or hyperostotic bone lesions or abnormal denti tion. Of the 
48 hares, 87 percent had more than 3,000 ppm f luoride in th e i r  bones.
These results indicate that bone f luor ide  levels in excess of 3,000 ppm 
constitute a substantial r isk  of developing severe fluorosis in snowshoe 
hares consuming vegetation with substant ia l ly  elevated f luoride levels.
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This finding is in agreement with Kay et a l . ' s  (1975b) findings 
that deer on Teakett le  Mountain near Columbia Fa l ls ,  Montana, with more 
than 3,000 ppm f luor ide  in th e i r  mandibles, showed abnormal dental wear.
In a study of deer around an unspecified industr ia l  source in Canada, 
Karstad (1967) found mandibular exostoses at 2,200 to 3,000 ppm f luoride.  
Mottled and p i t ted  molars were also observed. Among the Newfoundland 
site 3 hares exposed to ambient a i r  hydrogen f luoride levels of 4 ppb and 
forage averaging around 300 ppm, only one animal lacked external signs of  
fluorosis on e i ther  i ts  bones or teeth. This was a young male hare with 
3,835 ppm f luor ide  in i t s  mandible. In contrast, an older female with 
only 2,361 ppm f luor ide  from another s i te  exhibited a pronounced lumpy 
jaw with chalky white areas. The individual responses of wild animals 
to fluoride pollut ion make i t  d i f f i c u l t  to generalize about the impacts 
of any specif ic  level of f lu o r id e ,  even in animals of a given species.
Again, i t  is important to compare these f i e ld  studies with 
Briggs and P h i l l ip s '  (1952) laboratory study of fluoride damage in 
rabbits. Under laboratory conditions, higher bone fluoride concentrations 
(4,000 ppm) were required to cause less severe bone damage than indicated 
by f ie ld  studies.
Livestock in the S i lv e r  Bow area suffered deleterious health 
effects, with bone f luor ide  levels ranging from 2,000 to 4,500 ppm. A 
four-year-old cow with 2,000 ppm f luor ide  in the metacarpus and metatarsus 
had two erupted incisors c la ss i f ied  3 and 4, indicating marked to moderate 
fluorosis (Miles et a l . ,  1978). Ninety-six  percent of the more than 100 
catt le  examined on th is  ranch in 1978 had tooth classif icat ions of 4 or 5, 
indicating marked to severe e f fec ts .  One twenty-year-old horse raised
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on another ranch in the area showed signs of fluorosis including excessive 
molar and incisor wear, mandibular thickening and s l ight metacarpal exos­
tosis (Miles et a l . ,  1978). This animal had 3,000 to 4,500 ppm fluoride  
in i ts  bones.
Other f i e l d  studies reinforce the conclusion that potentia l ly  
serious health effects  occur in l ivestock with f luoride levels similar to 
those found in Newfoundland and S i lver  Bow, Montana, animals. A 1974 
PEDCo study of c a t t le  around the ORMET aluminum plant in Clarington, Ohio, 
found evidence of a severe fluorosis  problem. One seven-year-old cow, 
diagnosed as having moderate osteofluorosis with severe bone damage, had 
3,600 ppm f luor ide  in the metatarsus (PEDCo Environmental Specia lists ,
Inc. ,  1974). Another cow with moderate bone osteofluorosis had 2,300 ppm 
f luoride in i ts  bones, and a l l  four incisors were c lass if ied as 5, severely 
f luorot ic .
A recently completed study of c a t t le  on Cornwall Island, New York, 
where Reynolds and Alcoa Aluminum Companies are both major f luoride  
emitters, shows s im i la r  results .  A three-year-o ld cow with severe dental 
and bone f luoros is ,  including an enlarged mandible and pronounced loss of 
bone tissue around the molars, was found to have bone f luor ide  levels 
averaging 3,052 ppm (dry, f a t - f r e e  weight calculated as 70 percent of the 
reported ash weight, from a conversion factor  by Sutt ie ,  1961) (Krook and 
Maylin, 1979). Although th is  animal should have had three erupted 
incisors for  i ts  age, i t  only had one. Stunted growth was prevalent in
catt le  throughout the area (Krook and Maylin, 1979).
Elevated concentrations of f luor ide  in animal bones can adversely 
affect the size and density of bone. Newman and Markey (1976) reported
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an increase in the diameter of the femur shaft of deer mice corresponding 
to d ietary  f luor ide  consumption. The cross-sectional area of the femur 
and t i b i a ,  and the width of the mandible of the Newfoundland snowshoe 
hares s ig n i f ic a n t ly  increased in re la t ion  to bone f luoride concentrations 
(P < .01, R = .654 fo r  femurs, R = .674 for  t ib ia s ,  R = .410 for  mandibles). 
These bone changes occurred in hares consuming one-third to one-sixth the 
dietary f luor ide  administered in the laboratory experiments of Newman and 
Markey (1976).
I t  is d i f f i c u l t  to know what health effects  such an increase in 
bone cross-sectional area or width might have on an animal. One ef fect  
may be seen in the density of the result ing bone. A s ignif icant negative 
correlation (R = - .367 )  between ppm f luor ide  in the t ib ia  and bone density 
indicates that bone density decreases as f luor ide  concentration increases. 
Thus, f luor ide  apparently a f fects  the volume of the bone. Judging from 
the conditions of the femur and t ib ia  of one animal shown in Plate 5A, 
bones that have been broken or damaged are pa r t icu la r ly  susceptible to 
fluoride damage during the healing process. Decreased density also occurs 
in the mandibles. Some mandibles exhibited as much as one and a half  
times the normal thickness, and th is  thickening was s ign i f ican t ly  corre­
lated with ppm f luor ide  in the bone. In contrast, Greenwood et a l .  (1964) 
reported an increase in density of cort ica l  bone in c a t t le  exposed to 
only s l ig h t ly  elevated f luor ide  in the f i e l d  over a long period of time.
Bone density is re lated to the strength and resi l iency of bone 
and is the result  of  evolutionary adaption to biomechanical forces and 
functional demands (Waterman, 1971). Any changes in the density, size or 
shape of an animal's bones may reduce the animal's a b i l i t y  to respond to
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dally  stresses and demands, thereby reducing i ts  a b i l i t y  to survive. 
Changes in mandibular size would d i re c t ly  a f fec t  dental occlusion and jaw 
a r t ic u la t io n ,  which in turn could result  in impairment of normal feeding 
behavior. This presumably occurred in many of the Newfoundland snowshoe 
hares with abnormally worn molars (Plate 6) .
Despite the widespread b e l ie f  that teeth are more susceptible to 
fluoride damage during th e i r  development than bone (NAS, 1974), the 
reverse was indicated for  lagomorphs in th is study. As discussed below, 
the results indicate that moderately high f luor ide  levels in the diet  may 
accumulate to damaging levels in the bones while remaining well below 
harmful levels in the teeth.
Histological damage was predominant in Newfoundland snowshoe hare 
mandibles with approximately 3,000 ppm f luor ide .  In the molars, however, 
no damage was evident un t i l  tooth f luor ide  reached 5,000 ppm. Thus tooth 
damage may not occur un t i l  well beyond the point at which f luoride levels 
are damaging the bones.
A related finding was that in a moderately-polluted environment, 
lagomorph tooth f luor ide  does not r ise  to damaging concentrations, even 
though bone f luor ide  levels are elevated enough to cause adverse health 
impacts. Two examples of th is  from the S i lver  Bow s i te  are a cottontail  
which had 866 ppm f lu or ide  in i ts  incisors with 5,657 ppm in the mandible, 
and a jackrabbit  which accumulated 3,188 ppm in i ts  mandible with only
503 ppm in the incisors.
As observed in snowshoe hares in th is  study, a level of greater  
than 3,000 ppm f luor ide  in the bones corresponds to a 50 to 100 percent 
chance of exhib it ing histo logical  damage ( re fe r  to Figures 15 and 16).
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At t h 6  S3iTi6 t i m G ,  â  I g v g I  of 8 6 6  ppin f luor ide  in the incisors corresponds 
to no chance of damage in the teeth (Figures 13 and 14).
Hares from the severely-polluted Newfoundland environment had 
teeth f luor ide  levels  more closely re f lec t ing  the bone f luor ide levels.  
Examples are one hare with 3,222 ppm f luor ide  in the mandible and 1,765 
ppm f luor ide  in the incisors, and another hare with about 5,000 ppm in 
both the mandible and incisors.
S ta t is t ic a l  analysis for  a l l  the lagomorphs supported these 
examples. While incisor f luor ide  was s ign i f ican t ly  correlated with 
mandibular f luor ide  in the Newfoundland snowshoe hares (R = .932,
P < .01 ) ,  there was no corre la t ion in the whitetai led jackrabbits  
collected from the moderately-polluted environment of Stauffer. The 
incisor f luor ide  ra t io  fo r  these two populations yielded a mean of .72,  
with a standard deviation of .17, fo r  the Newfoundland hares and a mean 
of .4, with a standard deviation of .13, for  the Stauffer jackrabbits.  
Comparing the means with a paired mean t - t e s t  ve r i f ied  that they were
s t a t is t ic a l ly  d i f fe re n t  ( t  = 6.46, P < .01).
Thus, in h ighly-polluted areas, lagomorph bone and tooth fluoride  
may accumulate to comparable levels .  In areas with only moderate 
fluoride po l lu t ion ,  bone f lu or ide  levels greatly exceed tooth fluoride  
levels. Damage to bones may thus be occurring even though tooth fluoride
levels appear to be "safe ."
This finding is of pa r t icu la r  signif icance since the Maryland 
Department of Agriculture has proposed using rodent incisor fluoride
content as an indicator  of f lu o r ide  body burdens in animals exposed to
industrial  f luor ide  po l lu t ion .  In moderately-polluted s i tes ,  such
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analyses would seriously underestimate the degree to which the bones of 
w i l d l i f e  or l ivestock are accumulating f luor ide .
The observed difference in re la t iv e  f luoride accumulation in 
teeth from severely-polluted sites compared with teeth from moderately- 
polluted environments is l i k e l y  a t t r ibu tab le  to the physiology of ever­
growing teeth in lagomorphs. During the l i f e  of the animal, the tips of 
the ever-growing teeth are constantly worn down while the teeth are main­
tained through new growth from the roots. Although parts of the tooth 
remain metabolically active throughout the animal's l i f e ,  there is no 
opportunity for  long-term f luor ide  accumulation because the older portions 
of the teeth are constantly being worn o f f .  Bones, on the other hand, 
remain metabolically act ive without the rapid tissue "turnover" of ever­
growing teeth. Thus, in moderately-polluted sites,  as in the v ic in i ty  of 
Stauffer,  analyses of f luor ide  content of ever-growing teeth w i l l  under­
represent the f luor ide  accumulation of bone. In severely-polluted areas, 
such as in the v ic in i t y  of the ERCO plant ,  forage fluoride levels are 
high enough th a t ,  despite constant wear, the lagomorphs' teeth have 
suff ic ient  time to accumulate damaging f luor ide  levels.
These results are complementary to Fogelsong's (1974) laboratory 
conclusion that ever-growing incisors of deer mice would be one of the 
f i r s t  tissues to manifest signs of excessive f luoride exposure. However, 
the results also point out the l im ita t ions of looking at incisor f luoride.  
Specif ica l ly ,  while incisor f lu or ide  content may re f le c t  recent f luoride  
intake, i t  does not accurately reveal bone f luor ide content or adverse 
health impacts.
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I t  should also be noted that analyses of tooth f luor ide  content 
from animals without ever-growing teeth is an even less re l ia b le  indicator  
of f luor ide  damage. As the National Academy of Sciences (1974) pointed 
out, teeth are only susceptible to f luor ide  accumulation and damage 
during t h e i r  developmental stages. Thus, animals without ever-growing 
teeth which are exposed to f luor ide  a f te r  th e i r  teeth have developed may 
suffer bone fluorosis without any tooth effects.
Due to the importance of the age of an animal in assessing the 
effects of f luor ide  on both the individual and the population at large,  
an attempt was made to age the lagomorphs used in th is study. Unfortu­
nately, the results of th is  exercise cannot be considered re l ia b le  due to 
the interference o f  f luor ide  in the normal pattern of growth and develop­
ment of the hare mandibles, A few incidental observations are, however, 
worth noting. Though not s t a t i s t i c a l l y  d i f fe re n t ,  there was a de f in i te  
indication that  older snowshoe hares had, on the average, 2,500 ppm more 
fluoride in th e i r  bones than younger hares. One of the two whitetailed  
jackrabbits with twice the bone f luor ide  levels as the others was consid­
ered to be at least  one year older than the other jackrabbits. Again, 
this re f lec ts  the fact  that f lu or ide  accumulates in bones through an 
animal's l i f e .  Kay et a l .  (1975b) has hypothesized that such accumulation 
might explain the absence of  deer older than three-year-olds on Teakettle 
Mountain, Montana, but no in-depth population studies have been done on 
this point yet.
Fluoride Standards
While there are no d e f in i t iv e  studies of fluoride toxicosis in 
w i ld l i f e ,  a review of c a t t le  studies and studies cited in th is paper
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i n d i c d t G  t h s t  G x i s t i n g  f l u o r i d G  s t c i n d d r d s  ü t g  i n â d G g u â t G  t o  p r o t G c t  
a n i m a l s  f r o m  f l u o r o s i s .
Seven states have forage f luor ide  standards, but neither the 
United States nor Canada has adopted a national standard and Newfoundland 
does not have a provincial standard. The most commonly adopted forage 
standard, used in f iv e  states,  is a system recommended by Sutt ie  (1969). 
This system allows a 40 ppm yearly  f luor ide average in the forage, while 
no more than two consecutive months can exceed 60 ppm and only one month 
may exceed an 80 ppm average. New York, Idaho and Washington have adopted 
this standard and are s t i l l  experiencing problems with animals in indus­
t r ia l l y -p o l lu te d  areas. In 1967 Montana adopted a maximum 35 ppm forage 
standard. Evidence from avai lable  f i e ld  studies (Krook and Maylin, 1979; 
Miles et a l . ,  1978) indicates that th is  may not be adequate to protect 
animals from fluorosis e i ther .
Existing forage f luor ide  standards were established for the 
protection of c a t t l e ,  which have been the subject of most research on 
the relat ionship of d ietary  f luor ide  and health effects . Orig inal ly ,  
these studies were exclusively  carr ied out under carefu l ly  controlled 
laboratory conditions, but more recently ,  a few f i e ld  studies have contr i ­
buted greatly  to the understanding of f luor ide  exposure and fluorosis in 
livestock under range conditions.
Based on his laboratory studies, Sutt ie  (1964) concluded that 
catt le  would not be damaged by fluorosis  unti l  bone f luoride levels 
exceed 5,500 ppm which would only happen i f  the animals ingest forage 
with more than 40 to 50 ppm f luor ide .  Three f i e ld  studies have discounted 
these conclusions. Livestock in the S i lve r  Bow, Montana, area have been
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e x h i b i t i n g  s s v g t g  signs of f luorosis ,  with bonG fluoridG I g v g I s  ranging 
from 2,000 to 4,500 ppm ( M I I g s  Gt a l . ,  1978). ThGSG animals W G r o  
ingGSting forago with 10 to 40 ppm f lu or ide ,  with forage f luoride aver­
aging considerably below Montana's 35 ppm legal standard. In a 1974 
PEDCo study of c a t t le  around the ORMET aluminum plant in Clarington, Ohio, 
a seven-year-old cow from a ranch where 45 percent of the cows were 
f luorot ic  had 3,600 ppm f luor ide  in the metatarsus (PEDCo Environmental 
Special ists ,  In c . ,  1974). This animal was diagnosed as having moderate 
osteofluorosis with severe bone damage. Another seven-year-old cow with 
moderate osteofluorosis had 2,300 ppm f luoride in the metatarsus, with 
a l l  incisors c la s s i f ie d  as 5, severely f lu o ro t ic .  Krook and Maylin (1979) 
report that New York State's  forage standard was not violated in 1977 on 
Cornwall Island where the forage levels rarely  exceeded 40 ppm, yet ca t t le  
on the island were suffering from severe fluorosis.  Clearly , the existing 
forage f luor ide  standards are not protecting the health of animals in 
these polluted areas.
Ambient a i r  qua l i ty  standards also o f fe r  l i t t l e  r e l i e f  to the 
areas of S i lve r  Bow or Cornwall Island. New York's 24-hour 2.85 y g /m \  
1.65 pg/m^ per week, and .8 pg/rn  ̂ per month gaseous f luoride standards 
were violated less than one percent of the time in 1976 on Cornwall 
Island. Ambient a i r  monitoring around S i lver  Bow for  tota l fluoride  
during the 1977 growing season showed that the a i r  never exceeded 
Montana's 1 ppb, 24-hour f luor ide  standard. At a s i te  two miles northwest 
of Stauffer,  the 1977 growing season average was .134 ppb, only s l igh t ly  
exceeding Montana’ s proposed .13 growing season average fluoride standard. 
Vegetation collected at the end of the 1977 growing season at distances
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of ODG to six M i l e s  from Stâuffer  exceeded the 35 ppm forage standard in 
31 percent of  the samples (Miles et a l . ,  1978).
To a r r ive  at  a f luor ide  standard which w i l l  protect w i l d l i f e ,  one 
must consider both the rate of accumulation and physiological impact of  
a given level of  f luor ide  accumulation. From th is study, lagomorphs have 
been shown to accumulate as much, or more, f luoride than livestock in an 
area with moderate f luor ide  pollut ion .  Three lagomorphs near the Stauffer  
plant accumulated between 3,000 and 5,600 ppm fluoride in th e ir  mandibles, 
while two cows from the same area had 1,400 and 5,000 ppm fluoride in 
their  mandibles (Miles et a l . ,  1978; Stef fe l  and Losher, 1979), The cow 
with 5,000 ppm f lu o ird e  was a twelve- to th ir teen-year-o ld ,  at least four 
to six times as old as the lagomorphs.
On Cornwall Is land, New York, a one-year-old cow consuming forage 
between 10 and 15 ppm f lu or ide  had an average of 1,195 ppm f luoride in 
i ts bones, with a high of 1,680 ppm in the mandible (Krook and Maylin, 
1979). Meadow voles [Microtus pennsylvanicus) exposed to the same levels 
of fluoride on the island had an average of 1,531 ppm f luoride in the 
femurs, with one animal having 2,692 ppm. Short- ta i led shrews {BlaHna 
bvevicauda) from the same area averaged 1,786 ppm, with a high of 3,186 
ppm in one individual (M iles,  in preparation). A three-year-old cow 
exposed to 30 to 40 ppm f luor ide  in the forage averaged 3,057 ppm fluoride  
in i ts  bones, compared to two shrews that averaged 3,317 ppm.
Unfortunate ly , there are no other reported studies which give 
comparisons of f lu o r ide  accumulation for  w i l d l i f e  and c a t t le  collected 
from the same s i tes .  Further studies of lagomorphs or other small mammals 
may establish the r e la t iv e  degrees to which these animals accumulate
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f luor ide in comparison to accumulation by domestic c a t t le  in f i e ld  condi­
tions. The substant ia l ly  shorter l ifespan of most w i ld l i f e  species, as 
compared to domestic animals, and the a b i l i t y  to concentrate excessive 
levels o f  f luor ide  in th e i r  bones in a short period of time is ,  however, 
an indication that wild animals are more severely impacted by fluoride  
pollution than l ivestock.
Given these comparisons of f luor ide  accumulation in w i ld l i f e  
versus l ivestock ,  there are strong reasons for  believing wild animals 
wil l  be more susceptible to f luor ide health impacts than domestic animals. 
Numerous factors in teract  to a f fec t  the severity of f luoride toxicosis in 
animals: harsh weather conditions, reduced food a v a i l a b i l i t y ,  nutr i t ional  
stress, physical exert ion,  wide fluctuations in the level of f luoride  
exposure, age at onset of exposure, durations of exposure and daily stress 
(Marier and Rose, 1978). Wild animals are more regularly subjected to 
these stresses than are c a t t l e ,  thereby subjecting them to potentia l ly  
greater damage than c a t t le  (Marier and Rose, 1978).
In a predator-prey s i tuat ion or during harsh winters, even mild 
fluorosis could have serious consequences fo r  wild animals. Snowshoe 
hares with enlarged t ib ia s  (Plate 5) are l i k e ly  to be at a disadvantage 
when required to escape predators. C a lc i f ica t ion  of jo in ts  and ligaments 
is a reported e f fe c t  of  fluorosis in humans (Roholm, 1937) that has not 
yet been studied in wild animals but may prove to be another debi l i ta t ing  
factor. The severely worn teeth exhibited by many of the snowshoe hares 
may in ter fe re  with normal feeding and possibly water intake, which in turn 
would d i re c t ly  a f fe c t  the nu tr i t io na l  health of the animals.
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Several studies have documented placental transfer  of f luoride to 
developing fetuses, exposing wild animals in impacted areas to f luoride  
from conception throughout l i f e  (Fogelsong, 1974; Maplesden et a l . ,  1960; 
Krook and Maylin, 1979). Fogelsong found femur f luoride levels of 3,000 
to 5,000 ppm in two deer mice weanlings whose mother was exposed to 200 
ppm f luor ide  in her drinking water for  f iv e  months prior to pregnancy, 
during gestation and suckling. In th is  case, the young mice were sacri­
ficed p r io r  to weaning, so th e i r  only source of food intake was through 
placental t ransfer  and mother's milk.
Although forage f luor ide  standards were adopted for  the protection 
of l ivestock,  economic factors played a major role in the ir  establishment. 
The approach taken in determining the f luor ide  tolerance of animals was 
to assess the level of  f luor ide  exposure which resulted in "economically 
deb i l i ta t ing  effects" rather than physiological effects (Gordon et a l . ,  
1978b). Sutt ie  (1969) states th is position c lear ly :
At ingestion levels much below those required to produce a 
number 4 tooth, a trained observer can detect changes in the den­
t i t io n  and there w i l l  be chemical evidence of the increase in 
f luor ide in the skeleton, urine and soft tissues.
Considering these classes of f luor ide e f fec ts ,  i t  can be con­
cluded that an a i r  qua l i ty  standard should be such that animals 
in the area suffer  no economic damage through loss of protection.
I t  should insure that  only a small percentage of the population 
would be expected to develop any incisors which would be given a 
damage score of 4 or more. There seems to be no ju s t i f ic a t io n  
for sett ing a standard which w i l l  prevent discernible deviations 
from normal in the animal which do not influence i ts  general 
health, productive a b i l i t y ,  or the soundness of i ts  denti tion.
Evidence reviewed and presented in th is paper c lear ly  indicates that
standards based on th is  philosophy have not protected livestock and may
not protect the p o te n t ia l ly  more susceptible wild animals.
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This study and other f i e ld  studies of f luorosis in wild animals 
have established the need for  concern about f luor ide pol lut ion,  even in 
areas where there is no livestock grazing. In order to more accurately 
assess the impacts of f luor ide  pollut ion on w i l d l i f e ,  much research 
remains to be done. Future f i e l d  studies need to determine:
1. What level of environmental f luor ide  pollut ion can be termed 
"safe" fo r  d i f fe re n t  species of w i ld l i fe ?
2. What is the longevity of wild animals with 5,000 to 13,000 ppm 
f luor ide  in th e i r  bones and exhibit ing thickened, deformed 
mandibles or leg bones, as compared to uncontaminated animals?
3. What other physiological effects  is fluoride having on jo in ts ,  
ligaments, tendons and in d irec t ly  on nutr i t ional  health?
4. In what ways are animals adapting to a f luoride-polluted environ­
ment?
5. What are the long-term impacts of f luoride pollution on the 
structure of wild animal populations ( i . e . ,  what are the impacts 
on reproductive success, longevity, age-class composition, 
m orta l i ty  ra tes ,  e tc . )?
6. Does s ig n i f ica n t  biomagnification of fluoride in the food chain 
occur in w i l d l i f e  predator-prey relations?
Carefu l ly  designed long-term studies are necessary to provide the 
information needed to make j u s t i f i a b l e  f luor ide  standards that w i l l  insure 
the health of wild animals and wild animal populations.
Chapter 8 
SUMMARY AND CONCLUSIONS
1. Snowshoe hares exhibited severe physiological bone damage, part icu­
l a r l y  in the mandibles and teeth ,  as a result  of excessive f luoride  
accumulation.
2. Ever-growing teeth of lagomorphs accumulated less f luoride than the 
bones.
3. The epiphyses of the leg bones (femur, t ib ia  and metatarsus) accumu­
lated more f luor ide  than the diaphyses.
4. There was high corre la t ion between f luor ide concentrations in the 
mandibles, t i b i a s ,  femurs and metatarsals of lagomorphs, indicating 
that f luor ide  accumulates to the same degree in a l l  bones.
5. Tibia and femur cross-sectional areas increased with increasing bone 
f luoride concentrations, and density decreased in the t ib ia .  Mandible 
width increased as the f luor ide  concentration increased.
6. The most commonly observed pathologies were hyperostosis of the 
mandible and dentine cavita t ion or hypocalcification of the molars. 
Excessively worn incisors were also prominant.
7. Damage to the teeth and mandibles was observed, with f luoride concen­
trat ions as low as 2,000 ppm. Hares with greater than 3,000 ppm 
exhibited: (1) deformed, thickened mandibles, (2) an increase in
t ib ia  and femur cross-sectional areas, (3) a decrease in t ib ia  density, 
and (4) abnormally and excessively worn teeth with histological damage
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in the molars. At levels exceeding 5,000 ppm f luor ide ,  a l l  bony 
tissues were damaged in the Newfoundland snowshoe hares.
8. Newfoundland snowshoe hares accumulated 2,000 to 13,000 ppm fluoride  
in t h e i r  bones and teeth ,  10 to 25 times the normal levels as measured 
in control animals. These animals were exposed to an average of 200 
ppm f luor ide  in the forage.
9. Two S i lve r  Bow, Montana, jackrabbits concentrated over 3,000 ppm 
f lu or ide  in th e i r  bones by ingesting forage with f luoride levels of  
roughly 20 ppm. A mountain cottonta i l  had over 5,000 ppm fluoride in 
i ts  bones from ingestion of forage, with fluoride levels of between
20 and 40 ppm.
10. Laboratory studies of f luor ide  accumulation underestimate the degree 
to which animals in the f i e ld  concentrate f luoride in th e ir  bones.
Field studies show higher bone f luor ide  levels associated with lower 
dietary f luor ide  levels than laboratory studies.
11. In a moderately f luor ide-po l lu ted  environment (less than 50 ppm 
f luor ide  in the forage),  the ever-growing teeth of lagomorphs accumu­
late f luor ide  to a lesser extent than the bones. These teeth should 
not be used as indicators of f luoride accumulation in animals nor as 
the only method of evaluating fluorosis .
12. Wild lagomorphs accumulate as much, or more, f luoride in the ir  bones 
than livestock when exposed to s imilar  fluor ide-polluted environments 
but are l i k e l y  to be more susceptible to fluor ide health effects.
13. This report and other f i e l d  studies on the effects of fluoride pollu-  
tion on animals establish the need fo r  concern about the biological  
impacts of f lu o r id e  po l lu t ion ,  even in areas without l ivestock grazing.
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14. Current state and provincial forage f luor ide standards and ambient 
a i r  qua l i ty  standards may be inadequate to protect the health of  
l ivestock or wild animals.
15. Careful ly  designed, long-term studies are necessary to determine 
f luor ide  standards that w i l l  insure the health of wild animals and 
wild animal populations.
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APPENDIX A
CATTLE BONE FLUORIDE CONCENTRATIONS FROM SUNBURST, MONTANÂ
Age
Average ppm Fluoride of 
Metacarpal and Metatarsal
2-year-old 50
4-year-old 215
4 . 5-year-old 236
unknown 78
II 179
II 62
II 154
II 149
II 193
II 98
II 260
II 198
2-year-o ld t 451
^Analyzed at the Environmental Studies Laboratory, 
University of Montana, 1978,
tSlaughtered a f te r  140 days in the feed lo t .
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APPENDIX B
AVERAGE BODY AND FEMUR WEIGHTS AND AVERAGE FLUORIDE CONCENTRATIONS
IN FEMURS OF PEROMYSCVS MARICULATUS
^  AVERAGE BODY AND FEMUR WEIGHTS 
AVERAGE FLUORIDE IN FEMURS
§  Q: ^  Peromyscus maniculatus IN PRISTINE AREA
% k.
24
21.5
19
16.5
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400
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APPENDIX C 
PHOSPHOROUS EXTRACTION PROCESS
Raw rock phosphate, or f luoroapatite (SfCasfPO^jzlfCaFz)), is 
converted to elemental phosphorous by reduction in an e le c tro ly t ic  
furnace. The process can be divided into two parts: (1) preparation of
the raw m ater ia ls ,  and (2) extraction and storage of phosphorous.
In the i n i t i a l  processing steps, powdered f luoroapatite is formed 
into uniform pe l le ts  and roasted at 1,200 degrees Centigrade in rotating  
kilns. Dust p a r t ic le s ,  including part iculate  calcium f luoride (CaF^), 
and gases, p a r t ic u la r ly  hydrogen f luor ide (HF) gas and also carbon mon­
oxide, are produced as eff luents at th is stage. The phosphate rock 
pellets are then mixed with dried coke (carbon), a chemical reducing 
agent necessary to release the phosphorous. Silicon dioxide (SiO^) is 
then added as a flux to produce a l iqu id  slag in the e lec tro ly t ic  furnace. 
Elemental phosphorous and toxic materials including carbon monoxide and 
hydrogen f luor ide  are vaporized at temperatures between 1,500 and 1,700 
degrees Centigrade. Calcium s i l i c a t e  and ferrophosphorous form the slag 
that collects in the bottom of the furnace, making i t  necessary to 
periodical ly  "tap" the furnace and drain o f f  the waste materials. When 
the hot molten slag released from the tap-holes is quenched with water, 
i t  gives o f f  large amounts of hydrogen fluoride gas. The gaseous phos­
phorous from the furnace is cleaned and condensed in water for  storage 
and future transport. Carbon monoxide and other toxic gases separated
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from the elemental phosphorous are burned outside the plant , constituting  
another potentia l  source of f luor ide emissions as the gases may contain 
f luor ide .  As noted in the above discussion, f luoride is released to the 
environment both as hydrogen f luor ide gas and as a part iculate .  Studies 
by Sauchelli (1962) demonstrated that 89 percent of the emissions from 
phosphate processing are gaseous.
APPENDIX D
BODY MEASUREMENTS, SEX AND COLLECTION DATES FOR SNOWSHOE HARES 
TAKEN FROM LONG HARBOUR, NEWFOUNDLAND*
Sample Weight Total Body Hind Foot Date of
Number (gms) Length (cm) Length (cm) Sex Collection (1977)
Trapping Tra i l  #1
Tl-1 1,288 44.0 12.5 F June 1
2 1,190 51.0 13.0 M June 14
3 1,256 44.0 12.5 F April 23
Trapping Tra i l  #2
T2-1 1,242 46.5 13.0 F May 3
2 1,043 42.5 12.5 M May 3
3 1,122 49.5 13.0 M May 3
4 1,148 — —  — F May 10
5 1,284 46.5 12.5 F May 10
6 1,128 47.0 14.0 M June 1
7 1,521 49,5 14.5 F June 1
Trapping Tra i l  #3
T3-1 — — - — —
2 1,080 43.5 12.0 M April 22
3 — 1 — —  — - April 22
4 1,070 45.0 12.5 M April 26
5 1,457 46.0 13.0 F April 26
5 w  — — — - April 26
7 1,598 48.5 14.0 F May 4
8 50.0 14.0 M May 10
9 1,064 46.0 12.0 F May 17
10 1,286 46.3 14.0 M May 17
11 1,097 46.2 13.6 M May 19
12 1,162 45.5 13.0 M June 2
13 1,524 49.0 14.5 F June 2
*Data provided by the Division of W i ld l i fe ,  Newfoundland Department 
of Tourism.
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APPENDIX D (con tinued)
Sample
Number
Weight
(gms)
Total Body Hind Foot 
Length (cm) Length (cm) Sex
Date of 
Collection (1977)
T4-1 1,465 47.5
Trapping Tra i l  #4 
13.5 F April 21
2 1,421 45.0 12.0 F April 26
3 1,246 50.0 14.0 M April 29
4 1,116 44.0 13.0 M May 3
5 1,536 50.0 13.0 F May 10
6 1,019 45.0 13.0 M May 10
7 1,616 54.5 15.5 F May 10
8 1,140 44.1 12.1 F May 17
9 1,020 44.5 12.5 M June 1
T5-1 1,328 46.5
Trapping Trai l  
14.0
#5
F April 21
2 1,037 44,5 13.0 M April 26
3 1,381 48.0 14.0 F April 29
4 1,364 51.0 — — F May 10
5 1,286 46.0 13.0 M May 17
6 1,202 45.5 13.0 M June 1
7 1,307 49.5 14.0 F June 1
T6-1 1,601 47.0
Trapping Tra i l  
13.0
#6
F April 29
2 1,225 51.0 13.5 M May 4
3 966 44.0 13.0 M April 4
4 — — 42.0 12.0 M May 19
5 — — — 13.0 - May 19
6 — » 47.0 12.6 M May 19
7 1,412 47.5 14.5 F June 2
8 1,305 44.0 12.5 M June 2
T9-1 1,501 45,5
Trapping Tra i l  
13.5
#9
F April 23
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APPENDIX D (con tinued)
Sample
Number
Weight
(gms)
Total Body 
Length (cm
Hind Foot 
) Length (cm) Sex
Date of 
Collection (1977)
Central Newfoundland Controls
T7-1 1,267 44.0 13.0 M May 19
2 1,384 48.0 13.5 F May 19
3 1,156 45.5 13.0 M May 19
4 1,146 — "• 13.0 M May 19
5 1,126 43.3 13.0 M May 17
6 1,932 — — F (F a l l ,  1976)
APPENDIX E
BODY MEASUREMENTS AND SEX FOR WHITETAILED JACKRABBITS 
FROM SILVER BOW, MONTANA
Animal
Number
Total Body 
Length (cm)
Hind Foot 
Length (mm)
Ear 
Length (mm) Sex
1 47.0 150 138 F
2 47.0 150 130 F
3 51.0 145 140 F
4 54.0 145 130 M
5 48.0 148 140 M
6 54.0 145 140 F
7 48.0 145 130 F
8 51.0 151 135 F
9 49.5 145 135 M
10 52.0 155 155 F
11 49.0 145 135 F
12 50.0 150 145 M
13 51.0 150 145 F
14 50.5 145 135 M
15 52.5 150 145 M
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APPENDIX F
FEMUR, TIBIA AND MANDIBLE MEASUREMENTS ON NEWFOUNDLAND SNOWSHOE HARES*
Femur Tibia Mandible
Cross-Secti onal Cross-Sectional
S ite Length Weight Area Length Weight Area Length Weight Width
T l -1 100 3.95 1.88 113 3.84 1.52 59 4.57 5.45
2 96 5.69 — — 108 5.41 — — 58 7.03 — —
3 95 4.32 — - 106 3.91 --- 58 5.63 — —
T2-1 100 3.72 2.13 110 3,75 1.76 7.05
2 94 3.43 1.76 108 3.50 1.52 56 5.25 7.90
3
n
94 3.61 2.23 106 3.65 1.75 59 4.60 5.35
4
5 97 3.81 1,66 106 3.63 1.45 58 4.54 5.97
6 102 4.45 1.94 120 4.35 1.74 57 5.17 5.05
7 103 5.34 2.19 117 5.30 1.85 63 6.15 5.60
T3-1 92 3.41 1.74 104 3.39 1,44 58 5.72
2 95 3.51 1.60 110 3.47 1.40 57 4.17 4.65
3 99 3.84 2.34 113 4.74 2.22 60 4.55 5.50
4 93 3.74 2.11 108 4.24 1.92 57 4.54 7.10
5 97 4.83 1.85 113 4.58 1.63 59 4.56 4.42
6 105 3.15 2.04 117 3.37 1.74 — — — — 5.45
7 105 5.95 2.03 120 5.40 1.70 61 5.44 6.80
8 102 4.44 — — 120 4.93 --- 62 5.37 —
9 93 3.86 — — 103 5.77 — — — — — — — —'
10 100 4.92 2.14 — — — — — — 59 5.27 6.00
11 102 3.96 1.88 117 3.85 1.55 58 4.93 5.10
12 96 3.84 1.77 110 3.95 1.52 59 4.61 6.00
13 105 6.17 115 5.84 60 6.64 — -
ro
*Made at the Environmental Studies Laboratory, University of Montana
APPENDIX F (co n tinu ed )
Femur Tibia Mandible
S ite Length Weight
Cross-Sectional
Area Length Weight
Cross-Sectional
Area Length Weight Width
T4-1 99 5.55 2.16 110 5.02 1.80 61 6.74 6.26
2 99 4.36 1.71 110 4.01 1.45 57 5.45 5.63
3 — — — » — 118 3.93 1.80 63 4.96 5.25
4 95 3.36 1.90 112 3.63 1.61 58 4.76 5.43
5 95 4.90 2.02 110 4.94 1.81 58 5.10 5.10
6 97 3.85 1.83 112 3.83 1.57 62 5.35 5.50
7 105 5.14 2.28 121 5.25 1.91 63 6.55 5.93
8 92 3.41 1.84 109 3.37 1.43 61 5.22 4.98
9 94 4.20 2.01 107 3.97 1.59 58 5.31 5.35
T5-1 101 4.61 1.77 118 4.67 1.58 60 5.73 5.50
2 93 3.08 1.74 109 3.12 1.49 59 4.48 5.25
3 101 4.78 2.01 — — ---- — 63 4.46 5.03
4 97 4.05 1.96 112 4.01 1.61 59 4.95 5.50
5 97 4.36 1.79 111 4.19 1.63 59 5.36 5.68
6 99 4.47 1.92 114 4.23 1.56 59 5.33 5.60
7 99 3.71 1.82 119 3.91 1.53 61 4.41 5.25
T6-1 103 5.00 1.92 62 5.44 5.10
2 98 4.90 1.74 114 4.81 1.57 61 6.09 5.55
3 98 3.65 1.74 114 3.80 1.47 61 4.70 4.84
4 92 3.48 1,59 104 3.37 1.37 57 4.14 4.73
5 97 4.16 1.73 110 3.84 1.49 60 4.52 4.82
6 93 3.27 1.73 105 3.22 1.52 58 3.89 4.89
7 103 4.84 1.78 118 4.77 1.55 59 4.69 4.78
8 101 3.90 1.73 105 3.82 1.40 58 4.32 4.77
O J
Femur
APPENDIX F (co n tinu e d )
Tibia Mandible
S ite Length Weight
Cross-Sectional
Area Length Weight
Cross-Sectional
Area Length Weight Width
T7-1 99 3.97 . . 103 3.82 60 4.68
2 102 4.48 1.98 116 4.39 1.63 62 4.80 5.10
3 — — — — — — 109 3.80 1.52 60 4.67 5.25
4 97 3.96 1.97 109 3.61 1.51 59 4.69 5.18
5
6 - — -  — - —
118 3.39 1.49 60 3.92 4.55
T9-1 99 4.80 2.12 112 4.67 1.69 60 6.26 5.75
APPENDIX G
COMPARISON OF NEWFOUNDLAND SNOWSHOE HARE COLLECTIONS SITES
Within a co l lect ion s i te ,  there was considerable variation in 
f luor ide levels among the individual hares. For example, s i te  2 femur 
f luor ide  levels ranged from 3,792 to 11,275 ppm (a = 3,296). This 
v a r i a b i l i t y  was reduced at other s i tes ,  and s i te  5 femurs did not vary 
more than 1,775 ppm fluor ide (a = 635). The basic s ta t is t ics  for  each 
s ite  have been computed and are included in the table that follows. The 
figure that follows shows mean values (X) and 95 percent confidence 
intervals (± t . 05 *s^) for  measured fluoride in femurs and mandibles at 
f ive  s i tes .  This f igure also shows that sites 5 and 6 had the least  
amount of f lu o r ide  contamination; these two sites were s t a t is t ic a l ly  the 
same--t = - .6 7  (P < .05 ) .  The control s i te  7 was not included because 
the standard deviations did not exceed 25 ppm, and site  1 was not included 
due to in s u f f ic ie n t  data for  the analyses. Site 4 was more contaminated 
than sites 5 and 6, with the average fluoride levels lower than sites 2 
and 3. Sites 2 and 3 were s t a t i s t i c a l l y  a l i k e - - t  = - .33 (P < .05 ) - -  
showing the highest f luor ide  levels observed. Site 2, however, had such 
a wide range of f lu o r ide  values for both femurs, a = 3,296, and t ib ia s ,  
a = 3,096, that  s t a t i s t i c a l l y  i t  cannot be considered d i f ferent  from any
other sites except the control .
Sampling precision values) ' °^  ̂  ̂ l is ted  in the
following table  show th a t ,  in general,  as the s i te  number increases, the
115
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sampling precision improves. Thus, s i te  2 had the lowest sampling 
precision of 73.9 percent for  the femur, compared to s ite  6 with 21.1 
percent. Sampling precision vlaues from a l l  sites except 2 suggested 
that sampling precision values between 20 and 30 percent may be expected.
117
BASIC STATISTICS FOR COMPARISON OF FLUORIDE CONCENTRATIONS (PPM) 
IN NEWFOUNDLAND SNOWSHOE HARES FROM SEVEN COLLECTION SITES
Site and S t a t is t ic  Femur Tibia Metatarsal Incisor Mandible
T2
Mean (X)
Standard Deviation 
95% Confidence _  
Interval for  X* 
Sampling Precisiont
7,093
3,296
±5,244
73.9
7,641
3,096
±4,926
64.5
6,242
2,795
±2,394
47
5,931
1,918
±2,013
33.9
7,554
2,883
±3,026
40
T3
Mean (X) 8,522 8,595 7,612 6,654 8,676
Standard Deviation 3,193 3,041 2,868 2,481 3,198
95% Confidence _
Interval  for  X ±2,146 ±2,043 ±1,734 ±1,776 ±2,148
Sampling Precision 25.2 23.8 22.8 26.7 24.8
T4
Mean (X) 5,868 6,005 4,788 3,929 5,565
Standard Deviation 1,756 1,769 1,572 1,037 2,023
95% Confidence _
Interval for  X ±1,349 ±1,361 ±1,208 ±798 ±1,544
Sampling Precision 23 22.7 25.2 20.3 27.9
T5
Mean (X) 3,371 3,535 2,806 1,838 3,395
Standard Deviation 635 555 1,082 131 799
95% Confidence
Interval for  X ±587 ±514 ±1,001 ±120 ±739
Sampling Precision 17.4 14.5 35.7 6.5 21.8
*The values shown are one width of the 95% confidence interval of the
mean (ts-rr), such that:A - X £  p < X + ts:X '
,05)
tSampling precision is defined as the width of the 95% confidence interval 
for the mean ( ts—) as a percent of the mean. Sampling precision / t s ^ \
y 100
BASIC STATISTICS (continued)
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Site and S t a t is t ic Femur Tibia Metatarsal Incisor Mandible
T6
Mean (X) 3,457 3,802 2,596 2,390 3,608
Standard Deviation 878 920 657 755 908
95% Confidence
Interval  for  X ±733 ±769 ±549 ±648 ±759
Sampling Precision 21.2 20.2 21.2 27.1 21
T7
Mean (X) 214 153 86 172
Standard Deviation 16 25 19 24
95% Confidence
Interval for  X ±39 ±31 ±32 ±38
Sampling Precision 18.2 20.3 37.2 22.1
14,000 -
2,000  -
10,000  -
8,0 0 0 -
6 ,0 0 0 -
5 4,0 0 0 -
i 2,0 0 0 -
2 3 4 5 6
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COLLECTION SITE 
SNOWSHOE HARE FEMURS
2 3 4 5 6
COLLECTION SITE 
SNOWSHOE HARE MANDIBLES
mean values and 95 PERCENT CONFIDENCE INTERVALS FOR MEASURED FLUORIDE
IN FEMURS AND MANDIBLES AT FIVE SITES
